Background. Undernutrition in women in poor countries remains prevalent and affects maternal, neonatal and child health (MNCH) outcomes. Improving MNCH outcomes requires better policies and programs that enhance women's nutrition.
Summary
This paper aims to identify opportunities for improving maternal nutrition and birth outcomes, with a focus on maternal anemia, intrauterine growth retardation (IUGR), and thinness and stunting in women. The conclusions are intended to be useful for deciding on long-term policy development, in the countries concerned and for broader application. Findings are based on field assessments in three countries (one or two states each in Ethiopia, India, and Nigeria), on reviews of efficacy of individual interventions on maternal, neonatal, and child health (MNCH) outcomes,* and of broader experiences of implementation and effectiveness of large-scale programs [1] . The country case studies involved enquiries-focus group discussions and informant interviews at the community level, with program discussions at the district, state or region, and central levels-written up in country papers, included in this Supplement.** S105 Opportunities for improving maternal nutrition: Synthesis
Problems addressed and intervention options Anemia
Awareness of the problem of anemia (at least when severe) is common in communities, but perceptions of prevention are less so. Program guidelines and plans exist at central levels, with limited resource commitments, but implementation is lagging, especially in terms of supplement (iron-folic acid [IFA]) distribution, plus limited capacity for counseling and support to women. IFA distribution daily during pregnancy (and weekly to menstruating women of reproductive age, where prevalence is severe) could be strengthened through existing platforms: community-based programs distributing supplements through household visits or referring to the health system; antenatal care; and through campaign-style outreach exercises such as Child Health Days, which could provide for referral for treatment (currently they may screen for thinness with the use of measurements of body mass index [BMI] and mid-upper-arm circumference [MUAC] ). Wider use of foods fortified with iron, when available, could be promoted. Strengthening interventions needs improved problem recognition, much better supply systems for supplements, clear implementation guidelines, and training, supervision, and support for programs at all levels.
IUGR
Women understand that fetal growth and weight gain in pregnancy are affected by diet and energy expenditure (e.g., workload). Understanding of diet quantity and quality is rooted in cultural norms and behaviors, and higher-quality (and more expensive foods), seen as of benefit during pregnancy, would be welcomed but could not usually be afforded. Traditional practices of food preparation and sharing are valued, often including accommodation for pregnancy, although pregnancy may not be publicly recognized until even the sixth month. Relevant interventions should increase early use and effectiveness of antenatal care, increase food consumption during pregnancy (and/or access to cash resources), provide multiple micronutrient supplements, and enhance behaviors that benefit fetal growth (food habits, reducing workload and increasing rest. The relevant platforms are similar to those for anemia. However, food supplementation and accessing cash transfer programs (cash transfers or conditional cash transfers) are now major programmatic candidates, with much more extensive resource requirements. Second, multiple micronutrients in pregnancy are as effective as IFA in reducing anemia and show promise in reducing the incidence of low birthweight (LBW). However, meta-analyses indicate that risk of neonatal death may be increased in groups that start supplementation after the first trimester, and this is therefore an area requiring further research. Third, the role of screening and community-based programs is for referral and possibly supervised distribution of supplements. Antenatal care is underutilized (and underfunded); zero antenatal care visits during pregnancy have the following frequencies in rural areas: Ethiopia 76%, Nigeria 47%, India 28% [2] [3] [4] . There is the potential for additional intervention through antenatal care (e.g., provision of supplementary foods or micronutrients, for those utilizing antenatal care), and it is possible that this would expand as antenatal care became more effective and better perceived. Resource transfers through public distribution (e.g., India), emergency interventions, or cash transfers may emerge as important routes to substantially enhance women's food intake during pregnancy (probably at least 400 kcal/day is needed), and with conditional cash transfers access to services. Food security interventions may be relevant in underserved rural areas.
Maternal thinness and stunting
Nearly 30% of women aged 15 to 19 years in rural Nigeria have already given birth [3] , and the corresponding figures are 19% in rural India [4] and 16% in rural Ethiopia [2] . Many of these births take place before the mother's own growth is completed (and may stop her growth). This is related to early marriage, although differing by culture: 27% of women are married by age 15 in rural India [4] , compared with 27% in Ethiopia [2] and 22% in Nigeria [3] . This is increasingly recognized as a social problem profoundly affecting the lives of women, a concern that includes but goes beyond effects on birth outcomes and child development. Although there is some recognition by women that small (short and/or thin) mothers tend to have smaller babies, how far this perception distinguishes between long-term growth and current malnutrition is unclear. Causes and related interventions include the mother's own LBW and low growth in early childhood, current maternal malnutrition, and early pregnancy and marriage. Thus, lowering IUGR (as above) and improving growth of girls through child nutrition programs are highly relevant. However, reducing early marriage and early pregnancy is likely to be crucial and to have a very important effect on maternal health and on birth outcomes. This involves legislation and outreach programs to foster compliance, which are now expanding. As examples, financial incentives to delay pregnancy and marriage and to keep girls in school are being implemented in a number of Indian states; a Harmful Traditional Practices prevention program is being extended into rural areas in Ethiopia.
Policy scenarios
The level of resources and system development needed to implement effective interventions potentially varies from ensuring distribution of daily iron supplements during pregnancy to major resource commitments (cash or supplementary food,* conditional or otherwise) and legislation, with corresponding administrative demands. These interventions may address more than one problem: micronutrients will improve anemia and IUGR, and additional cash or supplementary food will improve IUGR and maternal stunting and thinness. A "level of effort" is suggested, from basic to extensive, needed to be effective. At the same time, programs less specifically directed to women are relevant and need support: iodine-fortified salt, infant and young child nutrition, and school nutrition.
Steps now needed Responsibility
Policy decisions are first needed on the program options to pursue, usually at the level of the Ministries of Health or other sectors that may be responsible for programs such as cash transfers or food provision. These decisions need to go beyond deciding on the desirability of intervening to cover resource implications and their priority, technical issues, guidelines, and modes of implementation. Often the technical guidelines already exist but implementation fails, frequently because of inadequate resourcing from the central or state budgets. Some responsibility for better addressing maternal nutrition lies with the international agencies and their advisors and funders. For example, there has never been a World Health Assembly Resolution specifically on maternal nutrition. To better address maternal nutrition, Ministries of Health would need to first review the priority given to the issue. Their partners among international agencies may need to do the same.
Responsibility for fortification programs typically is largely outside the health sector, although health sector regulation and support are needed, with private sector involvement. Food or cash provision to increase the food intake of women involves orders-of-magnitude greater resources (e.g., compared with micronutrient supplementation), with commensurate potential for wider impact; these are usually substantially supported by donors, whose involvement from an early stage is advisable. Intersectoral coordination is relevant but not easy to achieve: coordination efforts should not slow down within-sector actions; issues must be resolved before they give conflicting directions and affect programs at the community level.
System organization
Organization development is needed at the community level, plus vertical supply lines and support, including training, supervision, incentives, and budget. Current * Limited data suggest that at least 400 kcal per person per day and/or US$20 per household per month for cash transfers represents the lower threshold of effectiveness.
community-based programs could be built on to incorporate more activities for pregnant, lactating, and possibly prepregnant women (adolescent girls and women of reproductive age). Typically these programs are supervised by health workers, and reaching an adequate ratio of community workers to households is likely to be crucial. The role of the community-based program would be in part to enhance women's participation in other activities-antenatal care, cash transfers where used-as well as to provide counseling, monitoring, fostering attended delivery, newborn care, etc. Failure of central-to local-level communication and of meeting local needs for supplies, budget, training, and qualified personnel accounts for much underperformance in programs that are agreed and expected to be implemented. Sustaining vertical operations is essential for local (horizontal) programs to function adequately. The organization of a system for effective food fortification will require decisions on responsibility and commitment of adequate resources for monitoring, regulation, advocacy, etc. In this case, the private sector has a central role, as responsible for food processing, and this may require collaboration between unfamiliar partners. Cash transfer programs, while unlikely to be initiated primarily for maternal health and nutrition reasons, where developing may provide important opportunities. These are large programs with resources for system operations; linkage with Ministries of Health will be needed. They also have potential as platforms for counseling, screening, and education.
Capacity and training
The system to support any of these interventions critically depends on human capacity-enough people at all levels, whose job it is to run the programs, adequately trained, supervised, and with adequate incentives. A cascade structure for training Community Health Workers has been effective for launching Community-Based Nutrition programs. This in turn depended on development of training manuals, training trainers, who then trained health extension workers, who trained Community Health Workers. However, only a small number of posts are usually committed full-time to nutrition. Sustaining the program requires expanding both the number of posts and the pool of trained people who could be recruited-in other words, a broad effort in long-term capacity-building to include training at senior levels, which can then cascade down.
Technical guidelines, legislation, and operational research
Technical guidelines, sometimes needing operational research (often as feasibility studies) for application in specific circumstances, may need to be developed or updated. Supplementation with IFA and/or multiple micronutrients and food fortification require federal guidelines and possibly regulatory decisions and legislation. Multiple micronutrients are a priority area S107 Opportunities for improving maternal nutrition: Synthesis for research, both during pregnancy and before and between pregnancies. Cash transfer programs, while not usually the responsibility of the health sector, require decisions on several points, including eligibility procedures, levels of benefits, possible conditionalities, and using cash transfers as a platform for counseling and education.
Information, advocacy, monitoring, and evaluation
Awareness of the significance of maternal nutrition is a limiting factor at all levels; programs are underresourced in all aspects (personnel, funds, etc.) and limited in scope. Even basic scenario levels are inadequately supported. Maternal nutrition has low priority within health (and nutrition) institutions in governments and international agencies, including at headquarters level. So, an extensive information campaign of awareness-raising is indicated. Who should take the lead? Monitoring and particularly evaluation systems are weak, and the resulting lack of impact information is a considerable constraint to formulating better policies and programs. Progress in all the areas discussed would benefit.
Background to the project and the field studies
The nutritional status of women was highlighted as a health and human rights issue by the United Nations in 1992 [5] , reporting high prevalences of low height and weight in women, particularly in Asian countries. For example, the percentage of women with BMI less than 18.5 was over 40% in South Asia and over 20% in sub-Saharan Africa. These prevalences have fallen but remain high [6] . Moreover, we can see how reducing low maternal BMI is associated with improved birth outcomes, such as birthweight ( fig. 1) : rates of LBW fall in line with prevalences of low maternal BMI.
Malnutrition occurs throughout the life cycle, affecting women's own health and well-being and that of their children, and leads to the intergenerational transmission of malnutrition if the cycle is not broken. We have focused here on two of the most prevalent problems of women's nutrition: anemia and maternal thinness and stunting, as they relate to MNCH outcomes.
The approach is precisely in line with the recent stress on the importance of "the first 1,000 days" from conception to 2 years of age, when much of the child's development is established, much of which directly depends on the mother's health and nutrition. We would add that preconception nutrition needs more explicit consideration.
Iron-deficiency anemia is the greatest nutritional contributor to the disease burden in reproductive-age women in low-and middle-income countries [7] , as well as being a risk factor for poor pregnancy outcomes.
Anemia stems from a number of causes: low intake of adequately bioavailable iron (particularly in primarily plant-based diets), excessive blood losses, including with parasites, frequent pregnancies, and long-term failure to build iron stores.
Current and previous malnutrition (indicated by thinness and stunting) represent significant deprivations for women, who may be small because they are not fully grown, with early pregnancy; or stunted from earlier malnutrition, including low birth size; or thin (low BMI: some 15% to 30% of women in Asia and Africa are thin, with BMI <18.5) because of current malnutrition or ill-health. Maternal malnutrition (including anemia, micronutrient deficiencies, and inadequate energy intake), excess energy expenditure during pregnancy, concurrent infections, and other hazards (e.g., tobacco) contribute to IUGR and hence LBW and other poor birth outcomes. Current rates of LBW are 10% to 20% in low-and middle-income countries (UNSCN [6] , table 26). IUGR is therefore a focus here.
Early pregnancy (girls giving birth before 18 or even 15 years of age) is an extensive problem, which affects fetal development (leading to LBW) and preterm birth [8] and raises concerns for the mother's own development if the first birth is before her own growth is complete [9] ; with declining child mortality, there is even more reason to favor an optimal age of first birth of 18 years or older [10] . Hence, early pregnancy is prioritized here as a further concern affecting both women's and children's welfare.
Establishing higher priority for maternal nutrition and its potential benefits for neonatal and child health and development is needed to lead to better policies and programs. Understanding current interventions and hence opportunities for more effective programs, and the routes-or platforms-through which women can access these is essential for identifying ways ahead. This research project was therefore proposed and supported by the Bill & Melinda Gates Foundation, implemented by the Schools of Public Health of Emory and Tulane Universities, from March 2010 through March 2012. The project had two parts. First, the evidence for the efficacy of a number of potentially important interventions was systematically investigated from the literature. This concentrated on nutrition interventions and MNCH outcomes, including anemia and IUGR; and going beyond these to cover other deficiencies, addressing which will usually follow similar intervention routes and platforms. At the same time, the mechanisms for providing global policy and program guidance on maternal nutrition were reviewed. These results are published separately, in Paediatric and Perinatal Epidemiology, and the papers are listed in box 1.
The second part of the project was aimed at understanding better the opportunities for large-scale intervention. This began by reviewing the effectiveness of operational programs, through a literature review included in this publication by Victora et al. [1] . Field investigations in three countries-Ethiopia, India, and Nigeria-were then undertaken as case studies, and the results of these are reported in four papers in this Supplement [11] [12] [13] [14] . The findings and conclusions of these studies are brought together in this synthesis paper.
The case studies were designed to focus on the situation of women themselves and health workers in communities-on how they saw the problems and their access to interventions, the barriers and opportunities for solving them. Innovation applies more to improving BOX 1. Reviews of efficacy studies linking nutrition interventions and MNCH outcomes Scholarly reviews of the effects of nutritional interventions and MNCH outcomes will be published in Paediatric and Perinatal Epidemiology (July 2012). These papers were part of a broader research project to compile and evaluate global experience concerning the efficacy of interventions to improve maternal nutrition and birth outcomes and the known effectiveness of implementation of programs worldwide. The outcomes of interest were LBW due to IUGR; preterm birth; neonatal growth, morbidity, and mortality; child morbidity and mortality; maternal morbidity and mortality from hemorrhage, sepsis, and obstructed labor; and maternal nutritional status.
Biological mechanisms for nutritional regulation of maternal health and fetal development (Guoyao Wu, Beth Imhoff-Kunsch, and Amy Web- Girard) Routine iron/folate supplementation during pregnancy: Effect on maternal anemia and birth outcomes (Aamer Imdad and Zulfiqar Ahmed Bhutta) Effect of zinc supplementation on pregnancy and infant outcomes (Benjamin W. Chaffee and Janet C. King) Effects of calcium supplementation during pregnancy on maternal, fetal and birth outcomes (Aamer Imdad and Zulfiqar Ahmed Bhutta) The effects of iodine deficiency in pregnancy and infancy (Michael B. Zimmermann) Vitamin A and carotenoids during pregnancy and maternal and infant health outcomes: A systematic review (Andrew Thorne-Lyman and Wafaie Fawzi) Vitamin D during pregnancy: A review of epidemiological studies on maternal, neonatal and infant health outcomes (Andrew Thorne-Lyman and Wafaie Fawzi)
Interventions with vitamins B 6 , B 12 , and C in pregnancy (Daphna K. Dror and Lindsay H. Allen) Effect of multiple micronutrient supplementation on pregnancy and infant outcomes (Usha Ramakrishnan, Frederick Kobina Grant, Tamar Goldenberg, Vinh Bui, Aamer Imdad, and Zulfiqar Ahmed Bhutta) Maternal nutrition and birth outcomes: Effect of balanced protein energy supplementation (Aamer Imdad and Zulfiqar Ahmed Bhutta) Marine oil supplementation in pregnancy and maternal, infant, and child health outcomes (Beth Imhoff-Kunsch, Virginia Briggs, Tamar Goldenberg, and Usha Ramakrishnan) Nutrition education and counseling provided during pregnancy: Effects on maternal, neonatal, and child health outcomes. (Amy Web-Girard and Oluwafunke Olude)
The effect of agricultural strategies to improve household food production on the health and nutrition outcomes of women and young children: A systematic review (Amy Web-Girard, Julie Self, Corey McAuliffe, and Olafunke Olude) Antihelminthics in pregnancy and maternal, newborn, and child health (Beth Imhoff-Kunsch and Virginia Briggs) Impact of increasing interpregnancy interval on maternal and infant health in low-income countries (Amanda Wendt, Cassandra Gibbs, Stacey Peters, and Carol Hogue)
The impact of early age at first childbirth on maternal and infant health (Cassandra Gibbs, Amanda Wendt, Stacey Peters, and Carol Hogue)
Maternal preconceptional and periconceptional nutrition and pregnancy and infant outcomes: A systematic review (Usha Ramakrishnan, Frederick Grant, Tamar Goldenberg, Amanda Zongrone, and Reynaldo Martorell)
Is it time to replace iron folate supplements in pregnancy with multiple micronutrients? (Zulfiqar A. Bhutta, Aamer Imdad, Usha Ramakrishnan, and Reynaldo Martorell)
Intergenerational influences on child growth (Reynaldo Martorell and Amanda Zongrone)
Global policy and programme guidance on maternal nutrition: What exists, the mechanisms for providing it, and how to improve them? (Roger Shrimpton)
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Opportunities for improving maternal nutrition: Synthesis access to and use of interventions that are known to be efficacious (from the first part of the project research) and whose effectiveness in terms of implementation and impact has been confirmed elsewhere in low-and middle-income countries by Victora et al. [1] and others, than to technical issues. The case studies aimed also to investigate programs and their management at local (district) levels and the policy thinking and program guidance centrally, and considered how this meshed-or did not-with what is happening in local administrations and communities.
The process therefore was to focus on priority outcomes-anemia, IUGR, and women's thinness and stunting-and on potential interventions addressing these, starting by considering women's and their communities' situations and perceptions, working upwards toward central capacities to deliver, with particular attention to the routes or platforms by which access to interventions may be promoted. This is perhaps in contrast to more conventional approaches, which start at the top with national policies. However, we considered a key factor was that many well-intentioned, centrally conceived actions never reach the local level and have little impact or are even unknown, and that this was a central part of the whole question of action to improve women's nutrition, which in practice is not receiving enough attention. So we focused on women, communities, and local health workers, and how policies and programs could more effectively reach them and improve nutrition.
Consultations were held in the three countries in early 2010. Agreements were made with official counterparts at the national and state levels, and cooperative arrangements were set up with local academic institutions. Situation analyses were compiled from existing data. Locations were decided for field studies in selected communities and districts within two states in Ethiopia, three states in India, and one state in Nigeria. Clearance for the field investigations was obtained from the Institutional Review Boards of Emory and Tulane Universities and from equivalent national and local counterpart institutions. The methodology, using formal qualitative research methods-described in the Methods sections of the individual country paperswas established by Emory and Tulane researchers; the instruments can be made available. The fieldwork and data compilation took place from mid-2010 to mid-
Introduction
This paper takes off from the review of implementation issues in large-scale maternal nutrition programs in this Supplement by Victora et al. [1] . The review covers experiences with micronutrient supplementation during pregnancy (iron, multiple micronutrients); food fortification; integrated nutrition programs, including food supplementation and/or behavioral change interventions; and cash transfer programs. Another paper on the effectiveness of large-scale nutrition programs aimed at children, recently written for the World Health Assembly [15] , covers community-based programs and cash transfers, with additional relevant experience that has been drawn upon. Development of guidelines and policy and program guidance internationally, often to be led by the World Health Organization (WHO) [16] , is covered in a review paper prepared for this project by Shrimpton [17] .
The country papers on Ethiopia, India, and Nigeria in this Supplement provide the majority of the material for this synthesis paper. The country-level findings are based on full-length country reports, which are posted online*with the situation analyses; the country papers in this publication are condensed and edited versions of these longer reports. A list of the country papers and other background information is given in box 2.
This paper focuses on the three related issues identified as of particular priority for MNCH outcomes: anemia, IUGR, and thinness and stunting in women. Each is discussed based on the country studies from Ethiopia (Tigray and Southern Nations, Nationalities and Peoples Region [SNNPR]), India (Bihar, Tamil Nadu, and Uttar Pradesh), and Northern Nigeria (Taraba State), structured by first looking at each issue across the three countries.
The field studies started with situation analyses and defining three sets of research questions, which addressed potential and actual access to interventions (on different platforms), barriers to access, and perceived needs and how these influence demand and use. The paper first brings together the specific findings of the country studies, as they investigated women's, communities' , and health workers' perceptions and awareness, platforms for interventions, gaps, and opportunities, guided by these questions. The aim is to synthesize the main findings, with specific selected reference to the country reports. This is in the first part of the paper. The conclusions are then generalized in terms of the actions suggested by these findings, applicable in the countries themselves and relevant elsewhere, in the second part of the paper.
A range of options is considered in discussing the potential for strengthened or new interventions through available routes or platforms (table 1), taking account of likely feasibility. For example, it is clear that in principle some improvement in intrauterine growth and development-e.g., up to 100 g or more in birthweight-can be achieved by food supplements during pregnancy. However, the constraints are enormous in terms of feasibility and resource needs, so, for example, food supplementation is considered as an option at one end of a range, described as scenarios, aiming to provide a basis for future discussions at policy levels.
The first part of the paper-"Problems addressed and intervention options"-brings together observations and conclusions from the field studies. Priority was given to understanding how the maternal nutrition problems (anemia, IUGR, and thinness-see table 2-and stunting) and their possible solutions were perceived, starting from individuals and the community, then working up the health and nutrition system to consider actions that can be taken requiring more central decisions and resources. Within the three problem areas, we start with a summary of the awareness and perceptions of the problem, moving then to describe the potential platforms or routes for intervention, in particular their relevance at the local level. This leads to considering the possible interventions themselves, through these routes. Information from the country studies is included in the sections on anemia, IUGR, and thinness and stunting in women. The section "Summary of potential interventions and scenarios" generalizes from this to refer to potential broader application.
The second part of the paper-"Steps now needed"builds on the possibilities put forward to consider the implications in terms of practical steps that could now be taken. This covers, in principle, whose responsibility it may be to foster action; then issues on how the system may be organized; capacity-building and training; technical guidelines and operational research that may be needed; and information, monitoring, and evaluation. Interventions may be the same (e.g., iron supplements) across different MNCH outcomes. One problem may be approached with several alternative or complementary interventions; and one intervention may address more than one problem, with varying emphasis depending on local context. There is therefore potential overlap between the problems and interventions. Generally the first time an intervention is mentioned here is when detail is given. The crucial intergenerational effects-e.g., improve anemia, hence birthweight, and much benefit follows-should be implicit throughout. Rather than trying to present this as a large matrix, the text tries to tell a multidimensional story in a linear manner-and hopefully the internal links can be perceived. BOX 
Country papers and other background information
Three case studies were conducted to assess the feasibility of expanding access to interventions whose efficacy and effectiveness are established. These country studies explored existing policies and programs on maternal and child nutrition, relevant platforms, and supply-and demand-side issues affecting implementation and access. Further information on the methodology of each study is provided in each country paper, published in this Supplement.
Country
Selected states Background information The field studies in Ethiopia, India, and Nigeria revealed a fairly high level of awareness of the existence of anemia among women in the communities, and (loosely) its possible relation to less-than-optimal birth outcomes. In India and Ethiopia, this is more so when anemia is very severe; moderate anemia appears to be less noticed and diagnosed. People's concerns are generally maternal mortality and labor complications, rather than outcomes for children per se. In Nigeria, anemia was recognized as common in women but was generally prioritized lower than other health concerns, for example, compared with malaria, immunization, delivery, and outpatient health services. The causes of anemia were generally not clearly seen, and while prevention was usually understood to be related to diet, there was no consistent pattern of diet change taken to be desirable or feasible-often the benefit of a better and more expensive diet was recognized, but the diet was regarded as out of reach. Higher priority of access to available family foods was, however, common in some sites in India (Uttar Pradesh and Tamil Nadu) when the woman is pregnant, although reportedly not in Bihar or Ethiopia. Supplementation with iron (usually iron-folic acid) and/or provision of fortified foods are the likely relevant interventions but are not always recognized as important. In Nigeria, malnutrition was seen as substantially seasonal, and anemia was not linked in most people's minds to prevention through iron supplementation. Anemia was attributed to poor diet, poverty, and God's will. Although some respondents linked improved diets with prevention or treatment, rarely did respondents link anemia prevention or treatment with iron supplementation. Anemia, and malnutrition in general, was a relatively low priority for policy makers and frontline health workers, although community leaders and women expressed higher prioritization, especially for maternal anemia. Anemia is not routinely monitored, even in national nutrition and health surveys.
In Uttar Pradesh in India, the protocol of receiving 100 IFA tablets during pregnancy was known at the community level. In Tamil Nadu, more extensive provision of IFA was reported, including additional supplies to anemic women and to adolescent girls in pilot areas. In some areas, IFA is promoted through peer education among adolescent girls. In Tamil Nadu and Uttar Pradesh, 48% and 20% of women, respectively, consumed 100 IFA tablets in their last pregnancy [18, 19] . In Bihar, only 7% of pregnant women consumed the prescribed 100 tablets, and only 30% received any tablets [20] . The field studies found that similar constraints were reported in Uttar Pradesh and Tamil Nadu for both adolescent girls and pregnant women: compliance was reported to be low due to side effects. In Uttar Pradesh, supply was also reported as a major barrier.
In Taraba State in Nigeria, although 56% of women reported taking iron supplements in their previous pregnancy, only 18% reported taking the recommended 90 tablets [3] . Disturbingly, it was reported here by healthcare workers and policy makers that women believed the supplements to cause "big" babies and difficult deliveries. Health facilities were the primary source for IFA tablets; costs and availability varied considerably between facilities and communities. IFA supplements were also being delivered to pregnant women through recently enacted annual Maternal and Child Health Weeks. However, IFA supplementation was rarely mentioned as a strategy to treat or prevent anemia.
In India and Nigeria, side effects were reported as a major constraint, in contrast to more usual findings elsewhere (e.g., Galloway et al. [21] ). In Ethiopia, the use of iron or IFA supplements ("red pills") was reportedly familiar in principle but uncommon in practice. Side effects were not reported as a major problem, but only 10% of women took any iron supplements in their last pregnancy, and less than 1% took 90 or more [2] . In Ethiopia, supply was reported to be the major constraint.
Fortified supplementary foods are not widely distributed, but where they are, awareness exists of their availability and how to get access. However, the benefits of fortified foods compared with nonfortified foods, distributed through different programs, are not widely recognized. In Ethiopia, the opportunities are first with the emergency distributions: in prioritized "hot-spot" food-insecure woredas (districts), women are screened (MUAC < 21 cm), provided with vouchers, and later go to a distribution point to pick up 3 months worth of food, which is usually corn-soy blend fortified with micronutrients, including iron. Second, the Ethiopian Productive Safety Net Program provides for either food or cash for work; however, the food is unfortified maize, which could provide a possible vehicle for fortification, but one that would take quite some resources to build on (and cash is more usual than food). The targeting of the Productive Safety Net Program is indeed toward the poor; the coverage is currently 8 million out of 77 million.
In India, a number of additional foods are provided for pregnant and lactating women. Through the Integrated Child Development Services, pregnant and lactating women can access 160 g of flour fortified with vitamin A, B vitamins including vitamin B 12 , vitamin C, calcium, iron, and zinc, Where supplies are available, pregnant and lactating women can access these as prepared foods (i.e., as urandais [food balls] or porridge), or simply as rations through Anganwadi Centres at any point in the week when the Anganwadi Centres are open. Iron-fortified wheat flour is distributed through the Targeted Public Distribution System, discussed in more detail below.
In India, statewide policy exists regarding supply of fortified foods through the Targeted Public Distribution System. Several states are piloting food fortification projects to reduce micronutrient deficiencies. For example, Bihar is working with the Micronutrient Initiative to distribute iron and vitamin B 12 -fortified wheat flour through the Targeted Public Distribution System and is conducting a randomized, controlled to determine the feasibility and impact of distributing double-fortified salt through the Targeted Public Distribution System and village stores.
In Nigeria and Ethiopia, there are national guidelines and initiatives for fortification of several staples with vitamin A, wheat flour with iron, and salt with iodine.
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Relevant platforms (see table 1, rows)
In general, the relevant platforms or routes for addressing anemia are community-based programs; the health and antenatal care system; cash (or food) transfer programs; and campaigns and Child Health Days or Weeks. These have potential for increasing the distribution of IFA supplements, counseling, and provision of fortified foods.
Community health and nutrition workers
In Tigray and SNNPR (and elsewhere in Ethiopia), the Community-Based Nutrition program is expanding rapidly, with wide recruitment and training of Voluntary Community Health Workers under the Health Extension Program of Health Extension Workers (box 3). This is now covering about 40% of woredas, with around one Voluntary Community Health Worker to every 30 to 50 households, supervised by Health Extension Workers operating at around one Health Extension Worker to 500 households. The Community-Based Nutrition focus is on children 0 to 2 years of age, but the Voluntary Community Health Worker communicates mainly with caregivers and thus provides an opportunity for expanded interventions to women. The Ethiopian Ministry of Health has planned that Community-Based Nutrition will integrate into a new multipurpose community volunteer worker scheme (the "Health Development Army") in 2012; the effectiveness of this evolution may depend on sufficient training and supervision on nutrition. These community-based systems could be built upon to increase early and continued access to iron supplements to women during and between pregnancies and to adolescent girls where appropriate, with counseling and follow-up to ensure adherence.
The focus group discussions and in-depth interviews with key informants in Ethiopia showed that although there was awareness among frontline workers of anemia and of iron supplementation as an intervention in pregnancy, training had been minimal and knowledge of guidelines and policies was very limited. Dietary change in pregnancy was more understood as a possible solution for anemia, but with not much in the way of specifics or experience of success. These frontline workers also have a role in facilitating access to fortified supplementary food distribution, normally when and where there is unusual food insecurity, and thus have a potential role in expanding this.
In India, the Community Health Workers are Anganwadi Workers and Accredited Social Health Activists (box 3). The Anganwadi Workers, based in Anganwadi Centres, are the frontline workers of the Integrated Child Development Services. The Integrated Child Development Services has very wide coverage, but lower intensity of Anganwadi Workers (e.g., an estimated 250 households per Anganwadi Worker) than many such programs, and is generally below the level shown elsewhere to be effective in improving child nutritional status [15] . Moreover, the Integrated Child Development Services is often used primarily as a food distribution mechanism (but less than 1% coverage was reported in Bihar).
IFA supplements to pregnant women and adolescent girls are supplied through the National Rural Health Mission, through Village Health Nutrition Days organized monthly jointly by the health sector and Integrated Child Development Services. Community Health Workers (Accredited Social Health Activists) and Auxiliary Nurse Midwives are responsible for distributing 100 IFA tablets to out-of-school adolescent girls and BOX 
Community Health Workers in Ethiopia and India
Ethiopia: Voluntary Community Health Workers act as mobilizers as part of the Community-Based Nutrition Program, operating at a ratio of one Voluntary Community Health Worker to 30 to 50 households. Their primary roles are to mobilize their communities for campaigns, identify and refer targets to maternal and child health services, conduct monthly growth monitoring and promotion for children under 2 years of age, and provide information and counseling on maternal and child health and nutrition. Through various programs, community-based volunteers are trained in community mobilization and education for a range of health issues, including HIV prevention, promotion of family planning, immunization, and others. The Voluntary Community Health Workers do not receive any remuneration and are supported and supervised by paid Health Extension Workers, who provide basic health services from a health post at a ratio of one Health Extension Worker to 2,500 households.
India: Anganwadi Workers are the frontline workers of the Integrated Child Development Services. Based in the Anganwadi Centre, Anganwadi Workers cover an estimated 250 households (1,000 population) to provide maternal and child health and nutrition services. The Anganwadi Workers are supported and supervised by the Auxiliary Nurse Midwives, who cover a population of about 1,000 households. In some states, Accredited Social Health Activists are engaged under the National Rural Health Mission and cover the same population (around 250 households or 1,000 population) and promote linkages with primary healthcare. The Accredited Social Health Activists also receive performance-based incentives to promote selected programs (e.g., reproductive health and family planning, immunization, and institutional delivery). pregnant and lactating women, with support from Anganwadi Workers. At the Village Health Nutrition Days, the Anganwadi Workers also distribute food supplements as a hot cooked meal or Take-Home Rations (pulses and wheat flour), depending upon availability. Community Health Workers, namely Anganwadi Workers and Accredited Social Health Activists, and Auxiliary Nurse Midwives are responsible for providing adolescent girls and women with information intended to increase IFA compliance, reduce side effects, and encourage the consumption of iron-rich food. Key events are weekly Routine Immunization days, weekly Mahila Mandal meetings, and monthly Village Health and Nutrition Days.
In 2011, the Integrated Child Development Services began the Rajiv Gandhi Scheme for Empowerment of Adolescent Girls (SABLA) to deliver a package of health and nutrition services through Anganwadi Centres and schools in 200 districts [22] . This package builds upon previous health and nutrition programs targeting adolescent girls 11 to 18 years of age through the Integrated Child Development Services infrastructure, and includes 100 tablets of IFA supplements, deworming, nutrition education, nutritional monitoring, and nutritional supplementation (600 kcal and 18 to 20 g of protein per person) for 300 days. There are also plans to scale up weekly IFA supplementation for adolescent girls through schools.
In India, therefore, the system of community health and nutrition workers is in place through the Integrated Child Development Services and could be built on to increase access to iron supplements and/or fortified foods, both to women during pregnancy and to adolescent girls or women of reproductive age. The barriers-as seen, for example, in Bihar-are shortages in all levels of resources (buildings, personnel, equipment, supplies, and training), plus (and partly caused by) a low priority and limited awareness of the problem and potential solutions. Low awareness among program implementers of the magnitude and long-term, intergenerational consequences of maternal undernutrition is an important barrier. The policy, guidelines, and platforms all exist: they need more resources (and related higher priority for allocation of resources).
Nigeria does not have a community-based health and nutrition platform operating at scale, and this is recognized as badly needed to reach women and girls. Home visits by female volunteer health promoters or health workers are especially important, considering the cultural isolation of women in some communities. Traditional birth attendants and healers are widely used and trusted, and could be trained on anemia prevention and control. Religious leaders are already being targeted for education and training, particularly around reaching men with health messages, and this was identified as a potential opportunity for expansion. Community-based health groups show potential as an emerging platform to build upon, either as stand-alone health committees or linked with existing communitybased agricultural financing committees or women's groups. Other opportunities to expand anemia reduction strategies are described in more detail below.
Health and antenatal care system Current use of antenatal care ranges from 80% visiting in the first trimester in Tamil Nadu to 26% in Uttar Pradesh and 19% in Bihar. The percentage of women with at least three antenatal care visits ranges from 96% in Tamil Nadu to 27% in Uttar Pradesh and 17% in Bihar [4] . Pregnant women in Tamil Nadu are expected to register their pregnancies with the local Primary Health Centre and receive Rs 7,000 cash (US$13) for improving their diet plus Rs 6,000 (US$112) benefits on delivery and discharge. This benefit was not reported in Uttar Pradesh. In India, the Janani Bal Suraksha Yojana/Janani Suraksha Yojana (JBSY/JSY; see box 4) BOX 4. Janani Suraksha Yojana/Janani Bal Suraksha Yojana (JSY/JBSY) JSY has been implemented in all Indian states as part of the National Rural Health Mission, with a special focus on low-performing states. In Bihar, JSY is known as Janani Bal Suraksha Yojana (JBSY). The scheme aims to reduce maternal and child mortality by promoting institutional deliveries. JBSY provides cash incentives to pregnant women and Accredited Social Health Activists to improve maternal and birth outcomes. Under JBSY, pregnant women receive a cash incentive of Rs 1,400 for delivering their children in health facilities. Poor women who deliver at home may also receive Rs 500 for purchasing nutritious foods. An Accredited Social Health Activist receives a cash payment of Rs 600 for identifying an expectant mother and bringing her to the nearest health center for registration and an antenatal checkup (tetanus shot and a 1-month supply of IFA tablets), escorting a pregnant women to a health facility for delivery, and making sure the infant receives BCG immunization. The introduction of cash incentives has resulted in a ninefold increase in institutional deliveries from 114,000 lakhs in 2006/07 to more than 1,100,000 in 2008/09 and has reduced the burden on district hospitals, since a larger percentage of deliveries are taking place in the Primary Health Centres. Initially, pregnant women and Accredited Social Health Activists received cash payments for each of the three recommended antenatal care checkups; however, the logistics surrounding multiple payments was too onerous, and now payments are made in one lump sum after an institutional delivery. JBSY will become the major center of anemia control program activities for pregnant women and nursing mothers in 2010/11. Source: Situation Analysis, Bihar. Unpublished, available online at: http://tulane.edu/publichealth/internut/maternal-nutritionproject.cfm S115 Opportunities for improving maternal nutrition: Synthesis also pays Rs 1,400 (US$26) to women when they deliver in a health facility. In Bihar, the JBSY aimed to become the major center of anemia control program activities for pregnant women and nursing mothers in 2011.
The National Rural Health Mission (see box 5) was launched by the Government of India in 2005 to extend coverage of high-quality healthcare services to all rural residents, especially the most vulnerable, by reconfiguring and strengthening the basic healthcare delivery system. This initiative, aiming to increase public expenditure on health in 18 states from 1% to 2%-3% of GDP, may potentially be a major route for supporting the health system and maternal health and nutrition.
In India, where there is good coverage, the health and antenatal care system also appears to provide a suitable platform for iron supplementation, which can be built on with more resources and training; the activities needed are already under way, and enhancing these could be the way to go. But elsewhere (moreover where the need will be greater) the barriers need to be dealt with before this provides an adequate platform. In Uttar Pradesh, as elsewhere, it seems that lack of awareness of antenatal care among women was not the issue, but rather lack of confidence in its utility given the lack of resources, the opportunity costs of participating, etc. Women understandably do not give priority to antenatal care because they doubt the benefits. Participants in in-depth interviews and focus group discussions perceived that the higher coverage of antenatal care in Tamil Nadu is due to greater confidence in public health facilities and greater decision-making power for women, as well as substantial cash benefits for participating in antenatal care.
In Ethiopia, the rate of use of antenatal care is low, estimated as 12% for at least four visits and only 28% for at least one visit [2] . This may increase with support from the expanding Voluntary Community Health Workers, but limited resources and priority for antenatal care discourage women from attending. The Health Extension Workers' attention to antenatal care is variable, some health posts having registers, others not; moreover, little monitoring exists for the components of antenatal care, which is needed to improve matters.
The guidance from the WHO Integrated Management of Pregnancy and Childbirth (IMPAC) exercise (Focused Antenatal Care) [23] seems significant, providing the basis for preservice training on iron supplementation in pregnancy (and other interventions). In general, for tablets the supply route would be through the health post, with referral and follow-up from the Voluntary Community Health Worker.
Utilization of antenatal care in Nigeria is similarly low, with 36% of women not receiving any antenatal care, 45% attending four or more visits, and only 16% receiving antenatal care in the first trimester [3] . Nutrition services reportedly prioritize nutrition education, which is likely to have limited impact unless nutritional support, such as IFA, is also provided [24] . Other activities, such as weighing, blood pressure monitoring, anemia testing, and provision of many essential commodities, including IFA, are sporadic or absent due to supply and capacity limitations. The 2008 Nigeria Demographic and Health Survey reports that the vast majority of women in Taraba State identified at least one barrier to attending antenatal care [3] . Although health workers cited ignorance as the primary barrier to facility-based antenatal care and delivery, mothers and community members expressed interest in and support for these services. However, cost, distance, distrust, the need to obtain family permissions, and poor quality of service delivery limited their desire and ability to utilize services provided at the health facilities. In Nigeria, given that existing interventions for maternal nutrition are currently situated largely within the antenatal care system, improving utilization of antenatal care or moving nutrition interventions outside the health services delivery model would be important considerations for strengthening maternal nutrition programming.
Resource (cash or food) transfer systems
In Ethiopia, response to acute food shortages has been a main way in which additional resources have been targeted to women. Screening coverage of pregnant and lactating women through the emergency system The National Rural Health Mission (2005-12) seeks to provide effective healthcare to rural populations throughout the country, with a special focus on 18 states that have weak public health indicators and/ or weak infrastructure. These 18 states are Arunachal Pradesh, Assam, Bihar, Chhattisgarh, Himachal Pradesh, Jharkhand, Jammu and Kashmir, Manipur, Mizoram, Meghalaya, Madhya Pradesh, Nagaland, Orissa, Rajasthan, Sikkim, Tripura, Uttaranchal, and Uttar Pradesh. The National Rural Health Mission aims to achieve its goal by increasing public expenditure on health from 0.9% of GDP to 2% to 3% of GDP, reducing regional imbalance in health infrastructure, recruiting management and financial personnel into district health systems, decentralizing program planning and management, increasing community participation and ownership of programs, addressing the determinants of good health (e.g. nutrition, sanitation, hygiene, and safe drinking water), and integrating vertical Health and Family Welfare Programs and organizational structures. In each of these 18 states, Accredited Social Health Activists, who are community persons, have been selected and trained. covers about 10% of the population, aimed at reducing vulnerability in food-insecure areas, by providing cash (about US$4/month) or food wages (15 kg) for workers, with a provision for supporting selected households while they are unable to work, including pregnant women from 6 months of pregnancy to 10 months after delivery, without requiring labor.
In principle, both of these provide platforms for additional nutrition inputs. The Enhanced Outreach Strategy/Community Health Days are one route for screening and providing vouchers for food in those food-insecure woredas where the Targeted Supplementary Food program operates. The Productive Safety Net Program and the Social Protection Program (cash transfers of about US$10/month to households with vulnerable children, currently operating on a pilot basis in one region with expectation of expansion) are likely to continue. Iron supplement distribution and/ or extending the supplementary food made available (i.e., by providing fortified food instead of unfortified maize) may be built on these platforms.
In India, a number of programs provide for resource transfers applicable to pregnant women. The Rural Employment Guarantee Scheme registered over 8 million households in 2007/08, although only about 1% of these got 100 days of employment as a result. Relatively few of these are women; the number of women could be increased by providing employment other than construction that was suitable for women. These and other programs show that policies are agreed in principle that, perhaps with some fine tuning, could allow wider access. Health Mission. Along with other activities, takehome rations are distributed to pregnant and lactating women. The National Rural Health Mission is in varying states of implementation across the 18 states. For example, in Bihar, the National Rural Health Mission is in the process of rolling out Village Health and Nutrition Days throughout the state, and coverage is still low. In Tamil Nadu, the National Rural Health Mission has built on the relatively stronger public health infrastructure, and coverage is correspondingly higher. In some places, Village Health and Nutrition Days serve as an opportunity for distributing fortified take-home food rations provided by the Integrated Child Development Services to pregnant and lactating women.
Campaigns and health days
In Nigeria, there are annual door-to-door campaigns run by a local NGO, MITOSATH, that target neglected tropical diseases. This organization often participates in nutrition-related activities, for example, collecting local government area-level data on child nutritional status, delivering vitamin A supplements to infants, or providing IFA to mothers. Their participation in these activities is sporadic and often at the request of the state government. National integrated Maternal and Child Health Weeks are the primary health campaigns in Nigeria with the potential to target maternal nutrition. The inaugural event was in 2010, and although it is anticipated that they will occur biannually, funding constraints currently limit the event to an annual campaign, with limited coverage. During the Maternal and Child Health Week, a cadre of health providers visits every community and provides essential medicines and services, including IFA tablets, deworming for children, immunization, and education and counseling on nutrition and infant and young child feeding.
In Ethiopia, the Enhanced Outreach Strategy/Community Health Day campaigns associated with Targeted Supplementary Foods in prioritized food-insecure woredas have been referred to above. Tetanus toxoid vaccination is often provided through ad hoc campaigns, but these are not used for IFA supplement distribution.
Relevant interventions (see table 1, columns) and their needs
Possible interventions based on these platforms to reduce anemia among pregnant women are the following: » Counseling on diet change-this is considered to be more effective with IFA supplements or fortified foods [1, 24] . » Supplements to pregnant women-either daily IFA or possibly multiple micronutrients, which could have additional benefits beyond anemia but require further research into effectiveness [25] , discussed further below-with appropriate counseling and follow-up through community-or facility-based programs.
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Here we consider what are the key needs to allow these to expand, as well as the requirements that are needed but are largely in place; these latter are in principle just as important, but may need less attention.
The requirements for strengthening these interventions, built on community-or healthcare-based programs, or on emergency or resource transfer systems, would seem to be the following: » Problem recognition and prioritization. In Ethiopia and Nigeria, anemia is not always recognized as a problem, and in India, there is dispute concerning the hemoglobin levels and hence the severity that need to be addressed. For instance, in India and Ethiopia, severe anemia (e.g., < 7 g/dL hemoglobin) is regarded as needing intervention. In some states in India, severe anemia is treated with injected rather than oral administration of iron, which has drawbacks. Such situations need to be researched, discussed, and agreed upon. In places with high prevalence of anemia (such as India and parts of Ethiopia), guidelines and platforms are in place to deliver intermittent IFA supplements to adolescent girls, but these policies are not prioritized. » Supply. In India, Nigeria, and Ethiopia, chronic lack and unreliability of supply were frequently stressed. This applies to IFA as well as to linked interventions such as deworming and malaria prevention and control. There is a real need to strengthen the supply logistics system. This means improving the distribution of drugs and consumables from district level to facility and enhancing the capacity of facilities and government officials to estimate demand, monitor supply, and place timely orders. » Program guidelines. Although the policy direction has usually been decided for supplementation and/ or fortification (even if the resources have not been allocated), clear implementation guidelines are not available and understood at the local level. In Nigeria, policy guidelines omit, or give low priority to, maternal nutrition issues. » Training, supervision, and support for program implementation. These are lacking at all levels, particularly affecting the community and health post levels, but stemming from gaps all the way up the system. At the same time, the requirements that are largely in place, albeit no doubt benefiting from prioritization and periodic reinforcement but not of immediate priority for fixing, include the following: 
Scenarios
A range of options can be considered, from most extensive and probably not currently affordable, to feasible but having less potential impact. A particular opportunity would be to build upon community-based programs more explicitly. For discussion and illustration, here are four (from most to least extensive; they could also be combined in various ways): » Daily IFA supplementation in pregnancy (and deworming in second or third where the prevalence of hookworm infection exceeds 20% to 30%) following WHO guidelines: 6 months daily for all pregnant women, followed by an additional 3 months during the postpartum period where anemia prevalence is over 40% [27] . » Daily IFA supplements for pregnant women, and intermittent weekly IFA supplements for nonpregnant women of reproductive age following WHO guidelines. A suggested approach has been developed by WHO [26] . » Targeted Supplementary Food (fortified) for selected pregnant women, daily IFA supplements for pregnant women, and weekly IFA supplements for nonpregnant women of reproductive age. » Fortify widely used commercial food commodities.
IUGR Awareness and perceptions
The understanding that fetal growth and weight gain in pregnancy are affected by diet and by energy expenditure (e.g., workload) was commonly found in the field studies. The inferences in terms of diet quantity (and increased frequency of eating smaller meals) and quality are rooted in cultural norms and behaviors. Although these may not always link to current scientific knowledge of the biology, they reflect intent to optimize conditions in pregnancy, for the benefit of the mother and the baby. This optimization may also not always match our understanding of actual risks, although it mostly does. Priority is given to nurturing a strong baby and having energy for delivery. Avoidance of too large a fetus and hence difficult delivery exists widely, but was not always apparent as a major influence on diet habits during pregnancy. Deliberate "eating down" is less of an issue than food taboos based on traditional beliefs that may constrain intake, except in Taraba (Nigeria). In Ethiopia, there is a conception of important foods to nourish the mother and baby during the lactation period, while the pregnancy period has many food restrictions and taboos but few traditional practices to improve diet during pregnancy.
More often (as in Ethiopia) cultural norms influence the potential for intervention. For instance, women will not usually agree to eat alone-for traditional reasons to do with sharing scarce food resources-and this means that food supplements provided will have to be shared; similarly, women would not eat without feeding hungry children. Not only are these important factors if the aim is specifically to increase women's food intake, but they exist for good reasons and maybe should not be circumvented.
Beliefs and taboos about food types often have opaque origins and little clear relation to the perceived purpose; but mostly they affect choices more than total food intakes, and the idea that they are ruining the diet quality during pregnancy seems based more on nutritionists' traditional perceptions. (For example, eggs are a good idea, but they are not essential and they are expensive.) Fasting days in Ethiopia may be up to onethird of the time, reducing total intakes and specific foods (e.g., animal products). In some areas, pregnant women are reportedly exempt from fasting, however, and extending this exemption may be an option for improving diets in pregnancy.
Fasting was not raised as an important cultural barrier to food consumption in Nigeria, nor were food taboos. Rather, seasonal effects on availability and affordability, general household food insecurity, and women's lack of decision-making power with respect to food purchases affected women's intakes in pregnancy. In several communities, custom dictated that women could not leave the home unaccompanied, and in some cases could not leave at all, to purchase food. Women were completely dependent on what their husband or husband's family provided. In some communities as well, children, men, and elders were prioritized with regard to food allocation.
In discussions in India and elsewhere, participants returned repeatedly to the position that they would welcome higher-quality (and more expensive foods), recognizing that these would be of benefit during pregnancy, but they could not afford them. Traditional practices of food preparation and sharing are deeply embedded. In Uttar Pradesh and Tamil Nadu, these traditions are evolving to include accommodation for pregnancy; pregnant women are no longer required to wait for other family members before eating, although they typically wait to eat after everyone else when they are not pregnant. In Bihar and Ethiopia, this was not generally the case. Women, even when pregnant, tend to eat after everyone else. These observations suggest that if more resources were available to pregnant women, the use of these would benefit intrauterine growth; plus, attempts to improve diet are difficult without increasing the available resources.
A further awareness and perception issue concerns recognition and acknowledgment of pregnancy. In traditional societies (as studied in India and Ethiopia), pregnancy may not be even be publicly recognized and behaviors altered until the sixth month. This was observed but not investigated in depth, and clearly has an important bearing on interventions intended for early in pregnancy. It is in line with the indicators showing that few antenatal care visits take place in the first trimester. In Ethiopia, this makes it difficult for Voluntary Community Health Workers, who are responsible for identifying pregnant women and referring them to health services, since they have to wait until the pregnancy is visible. Some Health Extension Workers reported that they were able to increase early identification of pregnancy through home visits and "community conversations" to increase awareness in the community.
Weight gain during pregnancy is recognized as desirable and conducive to a strong baby, although in Ethiopia and India, how much weight to aim for was less clear. In Bihar, Anganwadi Workers and Auxiliary Nurse Midwives recommended that pregnant women gain at least 1 kg per trimester, whereas in Tamil Nadu, Anganwadi Workers and Auxiliary Nurse Midwives recommended 10 kg of weight gain during pregnancy, and in Uttar Pradesh, as in Ethiopia, there was variation in recommendations. The need for adequate rest and avoiding hard labor is recognized, but again practicalities in conditions of (especially rural) poverty influence behavior. Clarifying weight gain targets would be useful.
Many traditional constraints on food habits during pregnancy are reversed after delivery, and new mothers are encouraged to eat more and offered special foods. This may provide an opportunity to foster good nutrition that could be further built on. In India, incentive payments for delivery in facilities are also intended for this purpose, amounting to Rs 3000 (US$60) in Tamil Nadu and Rs 1,400 (US$29) in Bihar.
Relevant platforms
The potential interventions during pregnancy affecting IUGR include universal or Targeted Supplementary Food provision, counseling on diet and care during pregnancy, and use of iodized salt. The latter is essential under most conditions and is covered below in the section on 'Iodine fortification' . Prepregnancy interventions, such as delaying age of first pregnancy and S119 Opportunities for improving maternal nutrition: Synthesis increasing birth spacing, are covered in the section on 'Maternal stunting and thinness' .
The relevant platforms are similar to those discussed in the section on ' Anemia' and reducing anemia itself would benefit intrauterine growth). Much of what was described above on platforms relevant to anemia will also apply to the following sections on platforms relevant to IUGR. The main differences here are that food supplementation is now a major candidate for intervention, with much more extensive resource requirements than iron supplements. Second, the role of screening and community-based programs is for referral and possibly supervised distribution of supplements.
Community health and nutrition workers
Community health and nutrition workers are well placed to identify, refer, and/or register pregnant women, especially early in pregnancy. This should facilitate access to antenatal care. In India, as discussed earlier, the Anganwadi Worker provides part of antenatal care, including counseling and food supplements, and the Primary Health Centre provides tests and scans and is expected to monitor weight gain, and provide counselling. The system exists, including for supplementary food provision, but quality and resource constraints limit its effectiveness.
In Ethiopia, although Voluntary Community Health Workers may encourage and refer pregnant women to antenatal care, utilization of antenatal care is low, especially in rural areas, in part because the perceived benefit of services is low, especially when set against the costs in time, travel, lost work, etc. Furthermore, the current focus in antenatal care is on tetanus toxoid vaccination and promoting institutional delivery (the two components of Focused Antenatal Care that have monitored indicators through the health information system).
Health system and antenatal care
Among rural women, 24% of those in Ethiopia, 53% of those in Nigeria, and 72% of those in India had at least one antenatal care visit. Although use and access are limited, there is the capacity for additional intervention, e.g., provision of supplementary foods or iron supplements, for those utilizing antenatal care, and this would expand as antenatal care became more effective and better perceived.
In India, the Janani Bal Suraksha Yojana/Janani Suraksha Yojana (JBSY/JSY) also pays Rs 1,400 (US$28) to women when they deliver in a health facility. In addition, where there are Accredited Social Health Activists (i.e., in Uttar Pradesh and Bihar) the JBSY scheme gives Accredited Social Health Activists Rs 600 (US$12) for each woman they bring to a health facility for delivery and Rs 200 (US$4) for each postnatal visit they make to the homes of mothers and their newborns. These incentives seem to be working. For example, in Bihar, the percentage of women delivering their children in government health facilities increased from 31% in 2006 to 48% in 2009. Initially, pregnant women and Accredited Social Health Activists received cash payments for each of the three recommended antenatal care checkups; however, the logistics surrounding multiple payments were too onerous, and now payments are made in one lump sum after an institutional delivery.
For supplementary foods in Ethiopia, if these were to become a sustained method of increasing dietary intakes during pregnancy, questions arise as to whether the capacity and opportunity cost of using the health system to distribute food are appropriate, given the difficulties in regularly supplying even low-volume items like IFA. It may well be that providing supplementary food is beyond the resources and current capacity of the health system.
For food supplements in Ethiopia, the health system therefore probably has less of a role; the emergency services (the Targeted Supplementary Food program of the World Food Programme and the Ministry of Agriculture and the resource (cash or food) transfer (e.g., the Productive Safety Net Program) systems may apply here. Targeting to the most vulnerable pregnancies can reduce the bulk logistics but considerably complicate the system.
Resource (cash or food) transfer systems
In India, the Targeted Public Distribution System is the obvious food transfer system, and the Integrated Child Development Services is complementary to this. Through the Anganwadi Centres, the Anganwadi Workers already have a system in place for mapping the village and identifying all pregnant and lactating women as well as adolescent girls and children under 6 years of age. In Bihar, implementation is variable, but this could be built on and expanded throughout the state.
In Nigeria, food supplementation strategies, using either vouchers or food supplements, are intended only for emergency situations. In Ethiopia, both emergency and nonemergency programs exist. The Enhanced Outreach Strategy/Community Health Days and Targeted Supplementary Food programs are the primary routes for distributing food supplements during drought. Pregnant and lactating women are screened through the health system at 6-monthly Enhanced Outreach Strategy/Community Health Days to identify women with MUAC less than 21 cm. In selected food-insecure woredas, these thin pregnant and lactating women receive vouchers for 3 months of supplementary food (25 kg of fortified corn-soy blend or wheat-soy blend and 3 L of fortified vegetable oil), which they collect at a distribution point 1 to 3 months later. This amount of food provides about 1,300 kcal per person per day over the 3-month period; however, the food will normally be shared, so the supplement to women's diets will be less. The supplementary food is provided through the World Food Programme and distribution is supported by the Ministry of Agriculture. Not all food-insecure woredas are covered by the Targeted Supplementary Food program due to budgetary shortfalls. Issues include: Should supplementary food be restricted to food-insecure woredas? Is MUAC screening the best way? Is the current voucher system effective and sustainable?
The Ethiopian Productive Safety Net Program (cash or food transfer), which operates in drought and nondrought areas and times, is already a platform reaching poor women in selected woredas. Although generally requiring labor, it provides for cash or food without a work requirement from 6 months of pregnancy to 10 months after delivery for women identified as vulnerable through a community selection process. Could this be built up? None of the Ethiopian food transfer programs currently involve conditionalities for pregnant women. Cash transfers (conditional or not) emerge as a major potential route to both increase women's food intake during pregnancy and enhance access to services.
Campaigns and Child Health Days
In Ethiopia and Nigeria, health days or weeks are a major way of reaching women who may not currently access antenatal care. In Ethiopia, health days are currently used for screening pregnant and lactating women to target supplementary food where it is available (as previously described), but not for other aspects of maternal nutrition.
Agricultural services
Programs aimed at increasing food security through agricultural production have the potential to reach poor families and benefit women. In fact, they may have greater outreach than health or social welfare services in less accessible rural areas where the target populations are largely subsistence farmers. In Nigeria, community-based groups pool finances for purchase or loan of farming equipment and are possible targets for strategies that support kitchen gardens and small animal husbandry. Both Ethiopia and Nigeria have Agricultural Extension Workers who provide outreach services that could be expanded to better support household food security and dietary diversity.
Relevant interventions
Relevant interventions would have some or all of these objectives: increasing use and effectiveness of antenatal care, increasing food consumption during pregnancy (and/or access to cash resources), providing multiple micronutrient supplements, and enhancing behaviors that benefit fetal growth (food habits, activity and rest). These are the basis of potential interventions detailed next. On each of these potential interventions the requirements are suggested.
Increase use and effectiveness of antenatal care
Priority requirements include: » Earlier identification, registration, and referral in pregnancy. The Voluntary Community Health Worker (Anganwadi Worker, Accredited Social Health Activist, etc.) would have a central role; guidelines for procedures, training, supervision, and support will be needed. The policy for this is already agreed, but there are large gaps in practice, as previously discussed. Current perceptions in communities do not recognize that pregnancies benefit from earlier recognition, and some awareness raising, through Health Extension Workers and Voluntary Community Health Workers, may be needed. » Strengthening antenatal care services. Use of antenatal care is limited in part because of the perceived lack of benefit. Improved quality, requiring increased resources, training, and supplies, will be needed.
Increase food consumption during pregnancy (through supplementary food provision or cash transfers)
This would be the most resource-demanding of all potential interventions (also with substantial opportunity costs), but it is also likely to have the most farreaching effects if it could be brought to scale. It would involve establishing a system for regular entitlement to additional foods for pregnant women, in large enough quantities (a minimum level of about 400 kcal/day supplement under controlled conditions was estimated to give an effect [28] to make a difference, even when shared with other household members), or initiating or expanding cash transfer systems to have the same effect. If the broad outlines of such an approach were considered potentially feasible, evaluation data from the programs recently implemented (even if on a limited scale) could be further used.
The distribution systems are potentially in place in Ethiopia and India to provide access to additional food by pregnant women. This could be an entitlement for all pregnant women or targeted to the most vulnerable with associated selection and eligibility procedures. However, setting these considerations in the context of wider experience of cash transfer programs [1, 15] , it seems increasingly clear that cash transfer programs are more likely to be the intervention of choice in the future than the direct distribution of supplementary foods. Cash incentives to pregnant women in India S121 Opportunities for improving maternal nutrition: Synthesis to deliver in a health facility and to Accredited Social Health Activists (Community Health Workers) to escort women to health facilities for antenatal care checkups and delivery and to make home visits for two postnatal checkups may represent the beginnings of direct conditional cash transfers in this context. Employment schemes are an alternative for increasing the resources to allow improved food consumption, notably in India with the National Rural Employment Guarantee Scheme. In Ethiopia, the Productive Safety Net Program already provides direct support to poor pregnant women. The evolving Social Protection Program is another promising platform, although currently only operating on a pilot basis in one region. Women's Self Help Groups are expanding in India, providing routes for income generation and behavior change (box 6).
Deciding on whether to pursue these options for increasing food consumption during pregnancy requires assessing: » The feasibility of expanding the platforms; » The costs, likely benefits, and affordability; » Evaluation results (including from the efficacy and effectiveness reviews) of general and in-country experiences; » How the capacity could be built; » Then the usual guidelines, regulations, training, supervision, and support.
Food security and production interventions
In Nigeria, rural areas are served by agricultural programs and extension that could contribute to improving maternal nutrition in several ways. Primarily, interventions that increase the production of poor households (hence food availability and/or real income) clearly have potential to increase women's intakes-although during pregnancy this must be balanced with possible increased energy expenditure from more work in the fields.* Where it makes economic sense, increased agricultural production has increased dietary quality-and vice versa, as in the Green Revolution in India. With starchy staples (e.g., cassava, which is low in micronutrients) as a major dietary component, this can be particularly important. At the same time, home food production may circumvent constrained dietary choices for women in purdah by providing them with some means of controlling their food procurement. Such strategies suggest better coordination between nutrition and agricultural interests-between agriculture and health sectors usually-which requires additional effort to achieve at all organizational levels.
* Agriculture in sub-Saharan Africa, it has been well said, involves the African farmer and her husband.
Enhancing behaviors that benefit fetal growth
In reality (see Victora et al. [1] ), these are likely to be effective only when linked to additional interventions such as those described above. These could include interventions such as deworming, preventing and treating malaria, and reducing indoor air pollution and smoking.
Scenarios
The range of scenarios (table 3) , from least to most ambitious, includes as priorities: » Ensuring access to iodized salt (or iodine capsules where salt is not widely available or /consumed); » Targeted food supplements, either targeted geographically to historically food-insecure areas (with flexibility to quickly respond to emerging food security crises) or individually targeted to vulnerable pregnant women; » Conditional or nonconditional cash transfers.
These are expanded below in the section on 'System Organization' .
Maternal stunting and thinness
Small maternal body size is a risk factor for poor fetal development (IUGR) and for the mother's own health. This includes increasing obstetric risk below (conventionally) 45 kg body weight and/or 145 cm height. As the rate of low BMI in women falls, so the rate of LBW decreases ( fig. 1) , and since the mechanisms are known for small women to have small babies, this is likely to be causal [6] . In this section, mainly prepregnancy interventions (including between pregnancies) are considered; interventions within pregnancy are described in the previous two sections on ' Anemia' and 'IUGR' , except for current acute malnutrition, which applies to both.
Maternal stunting and thinness may result from (and be combated by addressing) the following: BOX 6. Self-Help Groups in India Across India, women's Self-Help Groups are used to disseminate information to women, including information on health and nutrition. In Bihar, the Bihar Rural Livelihood Program (an initiative of the Government of Bihar and the World Bank) and the Mukhyamantri Nari Shakti Yojana (an initiative of the Women's Development Corporation) are two large programs dedicated to strengthening and federating women's Self-Help Groups. The UK Department for International Development (DFID)-supported Bihar Health Sector Reform Project (Swasthya) plans to use women's Self-Help Groups as platforms for providing practical advice to women on health and nutrition, promote healthy behavior change, provide nutritional supplements, and empower women.
» Small birth size and low growth in infancy and child-
hood, producing an intergenerational effect. Most of the previously discussed interventions for reducing IUGR and increasing birth weight are relevant to increasing maternal size for the next generation [29] . Similarly, interventions to foster catchup growth in small babies and prevent growth faltering in general will help to increase maternal size; these are briefly referred to below, in the summary of potential interventions and scenarios ('Infant and young child malnutrition prevention'). » Current acute malnutrition (as thinness measured by BMI), from poverty, acute food shortage, and/or ill health. We should note that emergency measures should (but do not usually) prioritize pregnant women, because fetal development will continue and cannot wait for assistance, with consequences likely to be more severe than at any later time; interventions to prevent IUGR are also relevant here. » Incomplete maternal growth, due to early pregnancy [10] , and the associated obstetric risk. In the countries studied, 15% to 30% of 15-to 19-year-old rural women have already given birth (table 2) , and 15% to 20% of all births are to women under 20 years of age; continued short birth intervals may exacerbate the situation. Interventions to combat early pregnancy-including preventing child marriage-and to improve maternal stunting and thinness are the main focus of this section.
Awareness and perceptions
Nearly 30% of women in rural Nigeria have already given birth by age 19 [3] , as shown in table 2; the corresponding figures are 19% in India [4] and 16% in Ethiopia [2] . This is related to the extent of early marriage, although differing by culture: 22% of women are married by age 15 in Nigeria [3] , compared with 27% in India [4] and 31% in Ethiopia [2] . This is increasingly recognized as a social problem profoundly affecting the lives of women, a concern that includes but goes beyond effects on birth outcomes and child development.
No doubt there is general recognition that small (short and/or thin) mothers tend to have smaller babies, but how far this perception distinguishes between long-term growth and current malnutrition is unclear. Mothers may recognize the advantages of better-grown children to include more successful childbearing, but this is probably bundled (as everywhere) with the overall concern for child growth and development. In Ethiopia, there was some awareness that increased birth spacing was linked to better maternal nutrition and health.
The issue of perceptions around early pregnancy and marriage is sensitive and deeply embedded in cultural norms and practices, although these are evolving. A first question here concerns how far it is recognized that pregnancy before the mother is fully grown is a risk, and then how this trades off with other considerations. For example, in India the usual intention is for the young married woman to become pregnant quickly, not to employ temporary family planning, and only limit births by permanent methods when the family is considered complete (which depends substantially on the genders of the children).
In India, the overwhelming majority of rural couples using contraception use permanent methods to limit family size. Only a small percentage of rural couples use temporary contraception to delay the first birth after marriage or increase the intervals between births. Family planning services provided through the primary health system emphasize societal benefits of family planning (e.g., population control) rather than the individual/family benefits (e.g., better health and nutrition or mother and children). Government policy and cultural factors (e.g., strong preference for boys 
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Opportunities for improving maternal nutrition: Synthesis and pressure on newly married couples to demonstrate fertility) are some important reasons why the majority of couples rely on permanent rather than temporary contraceptive methods In Ethiopia, the rate of early marriage and early first birth is slowly declining but still remains high. This is seen among different age bands in a recent population survey: among women 45 to 49 years old, 60% had their first baby by age 18 and 10% by age 15, compared with 46% by age 18 and 5% by age 15 among women 20 to 24 years old [2] . Pressures for early marriage are considered as part of Harmful Traditional Practices (such as female genital mutilation), and regulations exist to prevent marriage before the age of 18. Rural extension workers are assigned to combat Harmful Traditional Practices, and Health Extension Workers and Voluntary Community Health Workers are certainly aware of their work and the issues involved and cooperate. Again, however, norms and behaviors defended by traditional authorities may often act against these efforts, and change will come more slowly than may be intended by the programs.
In Nigeria, it is striking that nearly 30% of 15-to 19-year-old women have already given birth [3] , and 13 to 14 years is reported as a common age of marriage. The effect may be offset by the larger body size of Nigerian women (see percentage of low BMI in table 2), which is likely to be seen among adolescents as well. This population may in a sense be more adapted-or have evolved better tradeoffs-to early pregnancy [10] . However, today this may no longer be in everyone's best interest. The comparison of India and Nigeria in table 2 is striking, with the prevalence of low BMI in rural women at 41% in India and 14% in Nigeria, which is no doubt linked to the comparative rates of LBW of 22% and 8%, respectively.
Relevant platforms
Interventions include all those that improve growth, especially of girls; emergency assistance for pregnant and prepregnant women; and addressing early marriage and pregnancy (including family planning). First we look at possible platforms for these.
Community health and nutrition workers
Presently Voluntary Community Health Workers are primarily in contact with mothers and current children, and there is accumulating evidence for their effectiveness [15] . Their role would be appropriate for interacting more with women who are, may be, or are soon to become pregnant. They are also in a position to facilitate social mobilization and change (e.g., by combating Harmful Traditional Practices) by others, and (in Ethiopia) the health services work closely with these community and women's groups. They could provide referral and encouragement for family planning for younger women and counsel for delaying early marriage and pregnancy.
As discussed above, in Nigeria religious and other organizations and groups may well provide important routes for reaching women.
Many (of these) potential platforms are feasible, established, and allow for the integration of nutrition. Of the suggested platforms, religious platforms were deemed highly acceptable by the communities. Targeting religious leaders with education and training may allow them to be change agents.
Community emerging strategies were also observed in some of the sites, and additional potential platforms are described, including agricultural extension services.
Health system and family planning
Access to family planning is potentially available in the cases studied, although use among married women 15 to 49 years of age is low, ranging from 11% to 64% (table 2). The rights to family planning services for young women, married or not, depend fundamentally on local culture. For example, access is likely to be more problematic in Northeast Nigeria (box 7)-related to religious pressures and raised infant and child mortality. Interventions are expanding to address this issue. In 2011, the Bihar National Rural Health Mission will launch the Healthy Timing and Spacing of Pregnancies Initiative in three districts using the behavior change communication model developed by Pathfinder's PRACHAR program. In India generally, family planning focus has been much more on family size than on BOX 7. Family planning issues in Northern Nigeria Men determined the number of children; however, in the eyes of the community leaders, the acts of family planning were the woman's duty and not the man's. Divorce or abandonment was possible in the event of a woman or man attempting to control or thwart desired family size. As highlighted by Izuugbara and Ezeh [46] , women may attempt to have more children to prevent their husbands from bringing additional wives into the household.
In general, family planning services and education were available through health facilities. Low utilization of facility-based family planning services was reported in all communities, although some health promoters noted that utilization had improved. Family planning appeared to be most accepted for breastfeeding women, who in some communities used traditional herbs as opposed to modern contraceptive methods. Religion and low education were considered the primary barriers to utilization of family planning services. However, it should be noted that fear of child mortality and the acknowledgment that few children may survive past the early years motivate community members to push for more children. The negative attitudes against family planning were strong to the point that in many communities it was taboo and in some even criminal. spacing, which is reflected in methods available and their utilization by women. In Ethiopia, campaigns to reduce maternal mortality are promoting the use of family planning for spacing. Efforts to delay the age of first birth are much more focused on enforcing the age of 18 for marriage than on promoting the use of family planning for adolescent girls; sexually active adolescents have many barriers to accessing reproductive health services.
Emergency, resource transfer systems, campaigns, and health days
Vulnerable women are eligible for food or cash transfer programs in Ethiopia and India; these therefore provide opportunities for identification and entry into support systems to address early pregnancy.
Relevant interventions
The pressures for early marriage stem from traditional beliefs and practices. These can be expected to change with education and socioeconomic development; however, education can be oriented toward speeding this up. Encouraging girls to stay in school is generally recognized as having a major potential for delaying pregnancy, among many other benefits. Means of achieving this range from increasing secondary school places, enhancing enrollment and attendance, and working against early dropouts. Incentives such as providing take-home rations for families whose girls remain in school may be effective, at least in primary school [30] . This suggests that conditionalities requiring adolescent girls to remain in school built into conditional cash transfers may provide an important route.
Enrolling girls and keeping them in school (particularly secondary school) must be facilitated, and incentives can be provided. There are several examples from India. In Tamil Nadu the government provides a financial incentive of 25,000 INR for marriage expenses for families with daughters that marry after 21. To avail these benefits, many families are sending their daughters to school and delaying marriage. Under the Mukhyamantri Balika Cycle Yojana, the Government of Bihar provides free bicycles, uniforms, and books to adolescent girls to improve secondary school enrollment among them. This scheme appears to have increased the mobility of adolescent girls and contributed to a large decline (from 18% in 2006 to 5% in 2010) in the percentage of girls aged 11 to 14 years in rural Bihar who are out of school, and the scheme is also expanding to other states. "Bridge courses" are run (e.g., with CARE support in Bihar, India) for girls who have dropped out of primary schooling to bring them back into the education system.
Legislation has been passed in Ethiopia prohibiting marriage before the age of 18, but implementation is slow and meets local resistance; the Combating Harmful Traditional Practices Program is in part to facilitate implementation. In India, the legal age of marriage is 18, but families can apply for religious exceptions. Ongoing campaigns are in place to discourage early marriage, such as the State Health Society in Bihar, which has campaigns through the media and school curricula. Financial incentives are used to encourage delaying the age of marriage until age 18; girls may access this money when they turn 18, but only if they are not already married.
As in Ethiopia, there are laws to dissuade early marriage in Nigeria; however, in many communities local law supersedes federal or state codes. Although it is still an ongoing struggle, respondents in Nigeria spoke of an enlightenment that was occurring to keep girls in school and prevent them from being taken in early marriage. It was widely held that religious leaders were the primary vehicles for effecting change on this front.
At the same time, early marriage is only one factor leading to early pregnancy; access to family planning for adolescents is also required and faces similar traditional constraints (not only in the low-and middleincome countries). Agreement on fostering access to and use of family planning by young (especially unmarried) women is a delicate issue, needing carefully considered support through the health services, schools, civil institutions (particularly the religious establishments), and communities. There is little doubt of the potential benefits to the health and well-being of the mother and future children. For example, a multicountry analysis for the 6th Report on the World Nutrition Situation found that the average incidence of LBW (adjusted for socioeconomic status) decreased by 1 percentage point with each 1 year of increase in the median age of first marriage [6] . The case can be made to allow promotion of family planning in adolescents, in part from considerations of the health of the mother and her future family.
Scenarios
Interventions may be seen as first, those aimed at women after childhood-since early pregnancy can lead to early cessation of the mother's growth [9] and second, those that increase growth in utero and early childhood. These include the following, which may be combined depending on local customs and opportunities.
Immediate interventions, primarily through preventing early pregnancy: » Incentives for delaying marriage; » Legislation (and its implementation) to counter Harmful Traditional Practices, including early marriage and pregnancy; » Keeping adolescent girls in school; » Access to family planning for adolescents; » Registration of newly married couples and their follow-up for prevention of conception prior to age 20 years.
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Opportunities for improving maternal nutrition: Synthesis Longer-term, affecting early growth in girls: » Foster increased birthweight (discussed in the section on 'IUGR'); » Infant and child nutrition programs; » Ensure access to iodine, normally as iodized salt, in utero and in early childhood; » Prevent anemia through promotion of weekly consumption of IFA supplements. Action through many routes of civil society and administration could be scaled up to broaden and emphasize the value of delaying marriage. Developing such an increased profile campaign could be an aim of follow-up to the present work.
Summary of potential interventions and scenarios
So far we have addressed three priority problems: anemia, IUGR, and stunting or thinness in women. Although these problems overlap in causality and consequences, treating them separately has proved useful in structuring field enquiries to assess perceptions and awareness, and barriers to interventions through different routes and platforms; hence for identifying opportunities for strengthened policies and programs. The usual platforms for these interventions, based on the experience reviewed here, are shown in table 1.
The potential for interventions depends on resources and related factors that vary widely; thus scenarios to tackle each problem are suggested in table 3. Moreover, interventions may address several problems at once, as shown in table 3. Likely "scenario levels"-meaning approximately how extensive an effort would be required-are suggested. For example, the minimum level of intervention to address anemia, with benefit likely also for IUGR, would often be to improve iron supplementation, especially during pregnancy, with IFA tablets: this is designated a "basic" level. At the other end of the scale, widespread increases in food intake during pregnancy, through direct food supplementation or through cash transfers, would often be needed to have a substantial effect on IUGR and maternal nutrition and health but would be demanding in terms of cost, administrative resources, and indeed opportunity costs (for the functioning of the health system). But if a significant effect is intended, this may be the only way to go, at least in the short term (reducing poverty should be effective in the long term). The opportunities for such interventions, drawing on the country studies and guided by the broader review of global experience by Victora et al. [1] , are described next.
The potential platforms for these interventions, as described above, are the following: » Community-based programs, presently primarily concerned with children, likely to be effective when reaching a sufficient ratio of community health and nutrition workers to households [15] ; these could be directed more to women; » Health facility-based programs, especially improving access to antenatal care, skilled birth attendance, and early postnatal care; » Resource transfer programs: cash transfer, conditional or unconditional; food supplementation; emergency programs. Successful implementation of the interventions will almost always require strengthening of these platforms.
The enhancement of care at delivery would obviously have broad benefits, including for maternal nutrition, by mitigating concerns for difficult delivery associated in many women's minds (as we found) with better nutrition. In fact, a strategy improving access to antenatal care, skilled birth attendance and early postnatal care (see, e.g., WHO [31] ) would seem the best way to go-and when we are considering strengthening access to antenatal care (for the objectives here), probably we should be more broadly advocating this package-which would likely be highly synergistic with interventions to improve maternal nutrition and birth outcomes, through a number of routes. For example, the "continuum of care" concept of MNCH from conception to 2 years of age, and from clinic to household, does not currently include IFA or maternal anemia in the package [32] .
IFA supplementation
Iron supplementation in pregnancy has been shown in controlled trials to reduce anemia in mothers overall by 66%, at delivery and to reduce the incidence of LBW by 19% [33] . IFA supplementation is probably the least demanding of the interventions-if anything is to be done, then this probably tops the list; however, it will almost always require strengthening the platforms through which an expanded program would be implemented.
In practice, the basic intervention most widely attempted is distribution of IFA tablets, usually through antenatal care, for 90 days. However, success in this intervention was found in the field studies to be somewhat uncommon, and survey estimates reflect this: the rate of 90-day IFA use is estimated as 18% in Taraba State in Northeast Nigeria, less than 1% in Ethiopia, 20% in Uttar Pradesh, and 7% in Bihar. Only Tamil Nadu had somewhat reasonable results, reported at 48% [2] [3] [4] .
The issues were found to be: » Failure of supply and distribution systems for IFA tablets; even when central supplies existed, these did not reach rural health posts in significant numbers; » Although there is considerable awareness among women and health and community workers of the potential availability of "red pills, " demand is limited for several reasons: -Use of antenatal care is very limited, and so also is access via this route; -Severe anemia is recognized and often seen as a problem to avoid (if not with very high priority), but perceived downside risks constrain demand, notably: Concern for too large a baby and hence difficult delivery; Some (particularly in India) concerns for side effects (nausea, dark stools, etc.); » There is still need for clarification and agreement on the severity at which anemia needs intervention and on when (if ever) injected iron is appropriate; » Policy decisions and guidelines adequate for implementation usually exist at central levels; the resource commitments and associated capacity for implementation (including priority in health workers' tasks and training) are what is lacking*; » Given the unreliable and/or nonexistent IFA supply, health workers do not give priority to counseling on IFA, nor is this usually stressed in training, guidelines, and supervision. These issues are fairly typical of those found in many developing countries [1] . But beyond these constraints are further issues, as described by Victora et al. [1] and Imdad and Bhutta [33] : » IFA supplementation is considered to be efficacious, based on trials; evidence for effectiveness in largescale programs is, however, limited (examples exist from Nepal, Nicaragua, and Thailand). » It is reasonable to assume that if effective distribution and use of IFA could be achieved, then anemia in pregnancy could be reduced; even more effective would be to add weekly intermittent supplementation prior to pregnancy to women of reproductive age in places with severe prevalence of anemia (over 40%) [26] . » The requirements for success are on both the demand and the supply sides (stable supply and funding, coordination in training and distribution, technical capacity, monitoring, etc. [1] ) plus access to and use of platforms for reaching women; » Committing to and implementing an effective program requires policy decisions, guideline updating (sometimes), and resource commitments-these are the focus of Part 2.
Where the prevalence of anemia is severe (over 40%), the policy would seem, following WHO guidelines [26] , to be to develop platforms for intermittent (weekly) IFA supplementation to menstruating women prior to pregnancy. For example, intermittent supplementation can be provided to adolescent girls (both in and out of school), integrated with family planning and community-based health services for women of reproductive age, as well as giving increasing support during pregnancy and lactation. In addition to improving iron status and reducing risk of anemia, IFA supplementation has the further benefit of improving periconceptional folate status, thus helping to prevent neural tube defects [34] . IFA supplementation could transition to provision of multiple micronutrients as antenatal care, delivery, and postnatal services are adequately developed. Multiple micronutrients are more expensive and require a higher level of monitoring (including postnatal care); thus they are considered a "medium-level" scenario in table 3.
Home-based fortification using micronutrient powders has been effectively used to address iron status and anemia in infants and young children [35] . The effectiveness of using home-based micronutrient powders instead of IFA supplements has not been established with pregnant and lactating women. None of the three countries studied were using home-based fortification for pregnant and lactating women at a large scale.
Fortification
Fortified foods are not widely promoted in the countries studied, except for iodized salt, although they are becoming increasingly available, notably in India. In India, beneficiaries of fortified staples (e.g., through supplementary food rations) perceived them as of lower quality.
We can also consider the potential role of fortified foods, with reference particularly to anemia and IUGR, from other evidence. As noted by Victora et al. [1] , wheat and maize flour are the most common vehicles for iron and folate, and their promotion has a number of problems, not least in terms of equity, as these foods (generally centrally processed) tend not to be the staples of many of the poor. There is a particular issue for rice-staple populations, as to date no widely effective way has been developed of fortifying rice (most commonly used fortificants tend to wash out during cooking); but this is also a possible opportunity for technical innovation and progress.
In Nigeria and Ethiopia, the potential for impact on anemia and IUGR through fortified foods is mostly for urban populations, as central processing of foods purchased in rural areas is very limited. In Nigeria, where fortified staples and salt were available utilization was not optimal due to beliefs about side effects, cultural preference for nonfortified items, and perceptions that fortified foods taste different or spoil more rapidly. Cost was rarely cited as a barrier. When supplementary foods do get distributed, e.g., in emergencies (such as corn-soy blend), these should be fortified.
In India, the Government of Bihar and the Micronutrient Initiative are piloting a project to distribute iron-fortified wheat flour through the Public Distribution System in two districts of Bihar. In Tamil Nadu, Sprinkles will be introduced throughout the state through the Integrated Child Development Services.
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Supplementary foods and/or conditional cash transfers
Interventions aimed at increasing the food intake of pregnant women (those whose dietary intake is low) are probably the most potentially far-reaching of direct interventions available to reduce IUGR and maternal stunting and low BMI (and if fortified, anemia). They would be demanding in terms of resources, organization, and opportunity costs but nevertheless need to be considered, since micronutrients alone usually only represent a part of the problem of maternal nutrition.
Programs providing supplementary foods and those providing resources such as cash through cash transfer programs are grouped, as they have related aims and require similar decisions. Programs distributing supplementary foods to pregnant women have been shown to be efficacious in increasing birthweight (by around 100 g), particularly among food-insecure populations [1, 28] . However, distribution of supplementary foods to pregnant women in large-scale programs-as usual, there are limited evaluation data-is not seen to be successfully implemented in most cases quoted (e.g., Tamil Nadu project, Bangladesh-see Victora et al. [1] ). As for children, supplementary food is expensive and greatly increases the cost of programs-more for women, as more food is required, and sharing is probably more extensive than with child supplements. The constraints (as Victora et al. point out [1] ) in procurement, preparation, and distribution are formidable.
Targeting to the needy-and those who can respond-is essential: blanket supplementary feeding is unlikely to be feasible or warranted under almost any conditions. Thus, establishing eligibility and hence entitlement to the supplements is a key step. Geographic targeting to food-insecure areas may be preferable to individual targeting. MUAC, a commonly used individual screening measure, is prone to error. In this respect, as others, options overlap with conditional cash transfers or cash transfers. Also here we can consider resource transfers that have a work requirement, such as the Productive Safety Net Program in Ethiopia.
Nonetheless, means of significantly increasing selected women's intakes during pregnancy (and possibly before) and lactation need serious consideration, as no other means is likely to be very effective for the poorest and most vulnerable women with the highest rate of LBW. We should bear in mind that in many places at least one-third of women are at least moderately thin, with BMI less than 18.5 and around 10% have BMI less than 16-equivalent to significant malnutrition and almost certainly contributing to IUGR. Thus there are a substantial number of badly affected women, most of whom would benefit from additional food.
All the indications are that cash transfers will supplant such efforts as there are to directly provide supplementary foods [1] . Do we know if cash transfer programs can in fact provide a level of resources to increase women's intake enough to make a difference? Yes and no: impact on women's health is reported, as well as infants' birthweight, to a limited extent (e.g., from Mexico), but these effects are not ascribed to nutrition itself but to better services and related nondietary factors [15] .
But it is early yet in the history of cash transfers and conditional cash transfers, and many features are very relevant. First, the effectiveness in setting up processes for establishing eligibility and beneficiary identification is important in the context of maternal nutrition, where targeting is needed. This is likely to develop with new technologies, and indeed these may facilitate direct transfer of resources via novel means, like cell phones. In fact, this appears to be happening in the most difficult administrative conditions, in relief of the current severe food crisis in Somalia, to circumvent hijacking of physical resources. Whether pregnancy itself should be a criterion for eligibility for those not otherwise eligible needs some consideration (including of potential moral hazard-would pregnancy rates increase as a result?).
Second, the level of resources provided through cash transfer programs is usually at least US$20 per household per month, much higher than that normally reached in nutrition programs, including those that distribute food [15] . Thus there is greater potential for impact. The mechanisms and logistics of resource distribution through cash transfers are developed outside the health sector, thus building on systems specifically organized for the purpose and reducing disruption to health activities, although there will still be some burden to the health services if conditionalities need to be documented by the health workers.
Third, conditionalities can be suitable for promoting maternal health and nutrition. They could include participation in antenatal care and (as in India now) incentives for skilled birth attendance in facilities. This may then extend to postnatal care and participation in programs (e.g., community-based growth monitoring and interaction with community workers, and immunization) to foster child growth and development. Our studies, and others, stress that in many cases resources also need to be put into upgrading the services that the conditionalities apply to-such as health facilities, antenatal care, etc.
Our study indicates that sharing of food resourcesincluding of provided supplementary foods-is culturally inevitable: "Are we going to eat alone in front of our hungry children?" Thus, increasing the resources for the whole family is the only real option anyway. Moreover, cash transfer programs that provide the resources to women may enhance empowerment and have increased effects on family welfare and women's own food intake, especially if they are supported by counseling.
If cash transfer programs are not in place or likely to be developed, thus not providing an alternative means of enhancing pregnant women's nutrition, can direct provision of supplementary foods-in sufficient quantities to make a difference-be expected to work by other means? In the limited cases where food distribution is already in place-notably India through the Integrated Child Development Services for children-this prospect may exist. In others, such as the Productive Safety Net Program in Ethiopia (essentially food or cash for work), pregnant women who meet community-established criteria are already eligible for support, and this could be expanded. However, in these cases too, a transition to cash as the resource seems likely. Bearing in mind the discouraging track record of food supplement distribution and its limited impact on maternal nutrition, it seems likely that direct provision of supplementary foods would be an unusual option.
In conclusion, when contemplating extensive efforts to address maternal nutrition, providing substantial additional resources to poor pregnant women through cash transfers looks like an important possibility. Conditionalities, plus supply-side support for services, would enhance this impact. Potential constraints on this approach are discussed in Part 2, under 'System organization: cash transfers' .
Included in table 3 are infant, child, and adolescent nutrition interventions that affect maternal stunting and BMI at an early stage; these are, however, dealt with in other papers [15, 29] and not in detail here. Salt iodization is of crucial importance and is addressed in later in the section on 'Iodine fortification'; its relation to IUGR is well established for severe deficiency [36] , and there is evidence of lowered birthweight with poor access to iodized salt in deficient populations [37, 38] .
Combating early pregnancy
In sum, the interventions to combat early pregnancy, used or planned, are the following.
Legislation and its enforcement to ban marriage before 18 years has been passed in Ethiopia and India, and outreach programs to foster its application are starting.
With or without legislation, incentives to delay marriage are provided in India in the form of cash (e.g., in Tamil Nadu), as described in the relevant interventions for 'Maternal thinness and stunting: relevant interventions' , above. Also, facilitating access of adolescent girls to family planning-delicate though this may be-has an obvious role to play in combating early pregnancy.
Incentives to keep adolescent girls in school may also contribute. In Tamil Nadu, the financial incentive to delay marriage itself encourages continued schooling. Incentives elsewhere have included additional food aid for families with girls in school, such as the several World Food Programme initiatives that provide income transfers or food to families who have girls enrolled in school (e.g. in Pakistan [39] ). However, these are often aimed at keeping girls in primary school and may need expansion to address early marriage and pregnancies in adolescent girls.
Iodine fortification
Access to iodized salt (or iodine otherwise) is of major importance for intrauterine development, probably detectable as birthweight but with wider effects and implications for cognitive development. Coverage of iodized salt is around 72% in low-and middle-income countries, ranging from 64% in Africa, to 67% in Asia, and 79% in South and Central America and the Caribbean, up from 64%, 52%, and 77%, respectively, in these regions [6] . Increased coverage of adequately iodized salt is closely related to decreasing deficiency (see tables 11 and 12 in UNSCN [6] ). Thus, ensuring universal access to iodized salt is recognized as the key intervention to prevent iodine deficiency.
Under unusual circumstances, such as persist in Ethiopia, ensuring iodization of the salt supply is problematic and stopgap measures are needed. Since iodine deficiency particularly affects the growing fetus (and deficiency can contribute to IUGR), delay in getting adequate iodine will have permanent effects. Distribution of iodized oil capsules, which in one dose provide for adequate iodine for 6 to 12 months, under these conditions is an appropriate measure and is being undertaken in severely iodine-deficient areas of Ethiopia.
Equity is of concern in iodine access, as the poorest and most remote populations are the hardest to reach. As shown by Victora et al. in India, for example, coverage of iodized salt decreases substantially with wealth quintile [1] .
Prevention of infant and young child malnutrition
Malnutrition in utero and during early childhood in girls, causing stunting, will usually persist into adulthood and thus perpetuate the intergenerational transmission of malnutrition. Thus, interventions that reduce early childhood malnutrition (over and above those discussed here to improve intrauterine growth) are highly relevant for their long-term effects.
Integrated nutrition programs and particularly community-based programs [40] have reasonably well-established effectiveness in gradually but sustainably reducing child malnutrition, for example, by an estimated 1 to 2 percentage points per year reduction in underweight prevalence [1, 15, 40] . These interventions will therefore not be described here; the issue to stress is that maternal and child interventions are complementary; both are needed, and operationally they often use the same platforms and routes.
The point here is how these can be used as platforms for maternal nutrition interventions. Contact with mothers through community-based activities may be used to promote behaviors that benefit maternal nutrition and for linkage with other services, such as S129 Opportunities for improving maternal nutrition: Synthesis antenatal care and access to food or micronutrient supplements. Community-based child-oriented platforms and programs seldom distribute supplies (such as IFA tablets) themselves, as this is usually taken to require a higher level of supervision and counseling, although in India the Anganwadi Worker does provide IFA (albeit with low coverage because of supply issues). However, as for instance in the development of Integrated Management of Childhood Illness, this might be reviewed.
Campaign-style interventions in Ethiopia screen young children and pregnant and lactating women in food-insecure areas and provide high-dose vitamin A supplements to young children. In general, where there are Child Health Days or Weeks, more emphasis could be given to addressing the needs of women, for example, by facilitating contacts with other programs and services, such as antenatal care and family planning, or by directly distributing IFA supplements to target groups.
Given that child nutrition-oriented programs have extensive coverage, expanding in many countries, and that there is a logical link with maternal nutrition needs, strengthening this and ensuring that women as well as children are included explicitly in program objectives, targets, activities, and monitoring makes sense.
School nutrition
School nutrition programs provide opportunities to reach adolescent girls in school, who would not usually be the poorest and most vulnerable, but nonetheless constitute a potentially significant target group. Probably more commonly, iron stores can and should be built up prior to pregnancy, and supplementation in schools could help achieve this.
Schools provide a potential means of health and nutrition education on maternal as well as child nutrition. This is likely to be most effective when incorporated as part of the formal curriculum (which also means that students are tested on the knowledge).
Finally, as noted earlier, providing incentives for girls to stay in school, which school feeding programs may help, is itself of benefit in combating early pregnancy.
Part 2. Steps now needed Responsibility
Decisions are needed on the options to pursue, for which the scenarios discussed above (and in table 3) provide a framework for assessing opportunities. These represent policy decisions, needed at the level of the Ministries of Health,* obviously going beyond * The three countries studied all have federal systems, so "Ministry of Health" usually means "Federal Ministry of deciding on the desirability of intervening, to cover resource implications and their priority, technical issues (often then incorporated in guidelines), modes of implementation, and so forth. As we found, decisions to implement, and the necessary technical guidelines, may already exist, but implementation may fail. At the same time, the Ministry of Health may have established priority but not have received adequate (or expected) resourcing from the central, or state, budgets. This was repeatedly observed at the local level.
Policy decisions by Ministries of Health are also influenced by deliberations and resolutions in international forums, WHO/World Health Assembly, and others. Article 12 in the Convention on the Elimination of All Forms of Discrimination Against Women, to which most countries have adhered, commits countries to ensuring the right to nutrition of all mothers during pregnancy. As noted in the paper by Shrimpton [17] , for example, although WHO does have clear program guidelines (from 1985), there is no priority given to addressing anemia in the context of safe motherhood or in maternal newborn and child health programs. There has never been a World Health Assembly resolution specifically on maternal nutrition, although we understand that nutrition of women in the preconception period was the subject of discussions at the 65 th World Health Assembly, 2012. Some responsibility for better addressing maternal nutrition certainly lies with the international agencies and their advisors and funders.
Specifically, to better address maternal nutrition, Ministries of Health would first need to review the priority given to the issue. Their partners among international agencies need to do the same. From what we have seen in the country studies and others reviewed, maternal nutrition has less priority than (for instance) child nutrition, and the importance of maternal nutrition for child nutrition is not fully internalized in those deciding or advising on policy. Ministries of Health might start by re-examining the priority given to maternal nutrition.
Ministries of Health and their technical advisors should then be responsible for deciding on whether policy adjustments or strengthening are called for to better address maternal nutrition problems. Although it may be relatively easy to decide in principle to enhance basic scenarios-e.g., access to IFA and iodine-these require significant resources and commitment to organization, at all levels. This part of the paper aims to provide information for such decisions.
Responsibility for developing and running fortification programs typically is largely outside the health sector, although health sector regulation and support Health"; "Ministry of Health" is kept here, as the conclusions aim to be of more general application as well as in the three countries.
are needed. Usually intersectoral mechanisms need to be established, with private sector involvement. Responsibility for making this happen, however, often starts with health and nutrition initiatives from the health sector,* again based on recognizing priority for the problems and potential for impact through fortification.
A major opportunity and potential commitment is when food or cash provision to increase the food intake of women is considered. As discussed above, cash transfer programs present an important route when they exist or are being developed. Typically these run at around US$20 per household per month and involve very significant budgetary commitments; these are usually substantially supported by donors, notably the World Bank. Thus, donor involvement in discussions from an early stage is advisable. Responsibility for cash transfer programs is not primarily with Ministries of Health, but normally with the financial sector. Best would be for health sector involvement in planning cash transfer programs; next best would be seeking to expand them to include provision for reaching pregnant women and including (as appropriate) relevant conditionalities. Less often is it likely that cash transfers are initiated for primarily health and nutrition reasons. In any event, effective communication and advocacy from the health to the financial sector will be of key importance.
Poverty is the underlying cause of many maternal health and nutrition problems, and poverty reduction is crucial for sustainable solutions. Next steps in addressing poverty as a constraint to maternal nutrition in India, for example, are referred to in box 8.
These responsibilities may be as much at the state as the federal level, certainly in India. In the federal systems of Ethiopia and Nigeria, our studies indicated that state decisions continue to depend substantially on guidance and policy decisions at central Ministry of Health levels; this is where the resources come from and are largely allocated to programs. Nonetheless, de facto decisions need to be made at the state or regional levels. Getting local officials on board requires advocacy and guidance from the central level, and this should extend to encouraging the support and participation of health workers at the local level. The initiative of one state health minister we talked with is exhilarating: he had called all the nurses and midwives together to a 2-day meeting and opened the meeting with the instruction: "You are all women and most have children, almost all delivered in our health facilities, but only 20% of births in this state last year were in facilities. I'm coming back tomorrow and I want you tell me why, and what I can do to help you make it 80%. " * Curiously, the agricultural sector (and the Food and Agriculture Organization) has not traditionally seen fortification as of much interest.
At the central and local levels, the next steps might include a review of priorities, resources, and opportunities; decisions on the level of effort intended (e.g., basic, medium, or extensive scenarios, as suggested in table 3); and convening consultations to lay out the more detailed processes of developing guidelines, program design, and starting implementation. Although it is probably the responsibility of the health sector to undertake, clearly collaboration is essential with donor and technical international agencies, with other sectors such as finance (particularly if cash transfers are included), and the private sector (e.g., for fortification).
Intersectoral coordination
Particularly in Nigeria, rural agricultural communities are more in touch with agricultural services than with health or social welfare. Thus, the opportunity for intervention to improve maternal nutrition may be with the agricultural sector. Agreements with agriculture on next steps to better integrate nutrition concerns in agricultural sector programs might be helpful. These require clear proposals for what would differ in agricultural activities by taking nutrition into account. Examples are more focus on micronutrient content of agricultural production, investment in production for the poorest (and most nutritionally vulnerable) households, and fostering income control or ownership by women while at the same protecting their nutrition during pregnancy.
A key factor in successful intersectoral coordination-not itself easy to achieve-is to ensure that while activities are complementary the coordination process does not impede implementation. Nutrition itself is not an implementing sector, in most cases. Line agencies (i.e., the implementation arms of the sectors, such as health and agriculture) hire their own people, and these are responsible for their sector's programs; they do not have much incentive for coordination unless this is explicitly built in. Further, it is crucial that the coordination negotiations do not become confusing at the district and village levels-here clear agreements and guidelines are essential.
System organization

Community level
The current organization of community-based health and nutrition programs could be built on to incorporate more activities for pregnant, lactating, and possibly prepregnant women. Typically these programs are supervised by health workers, and the Community-Based Nutrition program in Ethiopia provides a good example: Health Extension Workers supervise community health/nutrition workers (about 10 per Health Extension Worker), and the community workers interact with mothers (about one Voluntary Community Health Worker for each 30 to 50 households) through S131 Opportunities for improving maternal nutrition: Synthesis community meetings and home visits [15] . In India, the Anganwadi Worker is roughly equivalent to the community health or nutrition worker, but operates out of a center, is not under the health sector (instead under the Department of Women and Child Development), and receives some wages; the program has an emphasis on food distribution, which is not usual in other community-based programs.
The role of the community-based health and nutrition programs in this context would be in part to enhance women's participation in other activitiesantenatal care, cash transfers where used-as well as to provide counseling, and monitoring pregnancy (including possibly weight gain, and referral where needed), fostering attended delivery, newborn care, etc. It could provide for better access to IFA (or multiple micronutrients) and counseling to support adherence to supplementation.
However, community-based programs cannot operate sustainably without vertical support from more central levels. System development must generate effective supply and information links between the levels. The district health offices (or equivalent) have a crucial role in this. They need to monitor, supervise, and facilitate flows between the levels.
Vertical supply lines
Failure of communication and of meeting local needs BOX 8. Addressing poverty as a constraint to better maternal nutrition in India
The problem Poverty is a major barrier to improving maternal nutrition because it limits access to essential services and entitlements and makes the adoption of healthy behaviors more difficult.
Poverty means that households often lack the cash to purchase the full subsidized food entitlement and the nutrient-dense foods (e.g., animal products, pulses, fruits, and vegetables) recommended by Anganwadi Workers and Auxiliary Nurse Midwives. It also means that pregnant and nursing women share their nutritional supplements with family members and men are compelled to emigrate in search of work, leaving behind wives and children who are less likely to receive adequate care in their absence.
Consequently, adolescent girls and women are not receiving the intended nutritional impact from foodbased interventions
Recommendations
Create appropriate job opportunities for women within the National Rural Employment Guarantee Scheme, which guarantees wage employment to all job seekers at the village level for 100 days per year. For example, create jobs within the village that do not require heavy physical labor and support community education, health, nutrition, and sanitation services. Also, address child care needs of working women.
Involve women's Self-Help Groups* in the delivery and monitoring of nutrition-related interventions within their respective communities. For example, Self-Help Groups could disseminate nutrition and food-related education to group members; promote healthy behavior change in the community; undertake income-generating activities that increase access to nutritious foods; address nonfood determinants of undernutrition such as domestic violence; and hold government officials, village panchayats, and service providers accountable to the community for their work in the areas of health, nutrition, and sanitation. In areas where Fair Price Shops are nonexistent or poorly run, Self-Help Groups could obtain licenses to run these shops (as has been done by Self-Help Groups in Purnia and Sheikwara districts). Specific activities would be based on the needs and resources of Self-Help Groups and their respective communities. for supplies, budget, training, and qualified personnel account for much underperformance in programs that are agreed and expected to be implemented. Fixing and sustaining vertical operations is essential for local (horizontal) programs to function adequately, and this needs to be planned for and supported. An obvious example is distribution of IFA: everywhere we found that a major constraint was intermittent, inadequate, or nonexistent supply of tablets-and this despite in at least one case, substantial supply existing centrally, stored for months and not released. Supplies of deworming and antimalarials are also important for combating anemia.
Next steps
Food fortification
Excellent guidelines exist (e.g., Allen et al. [41] ) for food fortification and do not need repeating here. The organization of a system for effective food fortification will require decisions on responsibility and commitment of adequate resources for monitoring, regulation, advocacy, etc. In this case, the private sector has a central role, as responsible for food processing, and this may require collaboration between unfamiliar partners.
Constraints in the case of flour fortification, which are similar to those for many commodities, as described by Victora et al. [1] , include the existence of many producers (or importers) and complexity in legislation, regulation, and enforcement, with not only a number of producers but several fortificants with varying bioavailability (e.g., ferric iron, of no or low bioavailability, is a common fortificant*) and resilience to storage in hot, humid conditions. Overcoming these constraints to support effective programs requires a system of monitoring and regulation that is not easy to install and maintain. Moreover, technology for field testing the presence of adequate levels of fortificants (for most except iodine) still needs to be developed.
Cash transfers
Systems for cash transfer programs require a significant level of organizational development-more so for conditional cash transfers (presently conditional cash transfers are mostly in Latin America; most others are cash transfers). These are big and expensive programs and therefore usually have resources for system operations. The process of establishing eligibility, usually based on estimates of individual household assets and income, requires some integrity and acceptance of administrative procedures (often including providing tax information). If eligibility were to be adapted to take more account of women's needs-for inclusion and/or for conditionality-this would require high-level decisions with significant budgetary implications. * See, e.g., Uncle Ben's rice, which advertises itself as "enriched with … ferric orthophosphate. " Disbursement of benefits would not be greatly affected by taking account of women's needs, but adding conditions would. In addition, support to and strengthening of services to increase their availability and effectiveness in responding to greater use-shown to be important in conditionality having an effectwould require other resource transfers, mainly (presumably) into the health sector.
All this is easier to envisage when building on an existing or planned cash transfer program. That is likely to be the usual route, as bringing cash transfer programs into being based on nutrition considerations seems unlikely.
Cash transfer programs may also provide a platform for other interventions, especially counseling and education, not necessarily with conditionality. This was not seen in any of these country studies, but elsewhere, in Latin America especially (e.g., Brazil, Mexico, and Nicaragua [15] ), health and nutrition education is part of the conditionality. Adding conditionalities fostering use of other services seems likely to be often worth considering when conditional cash transfers are being developed.
Identification of individuals and program eligibility
One development on the horizon stems from the potential for individual identification, eligibility, and enrollment into programs, as seen now in cash transfer programs and social protection, in some relief programs (e.g., from drought, displacement, or HIV), and in development of identification using biometrics (e.g., reported recently in India). At the same time, community-based programs are expanding to the point that individual mothers and households have persistent contact with trained workers. These are both potential game-changers, allowing individual enrollment in interventions, follow-up, and monitoring; they can be expected to greatly facilitate most of the interventions discussed here.
Capacity and training
The system to support any of these interventions critically depends on human capacity-enough people at all levels, whose job it is to run the programs, adequately trained, supervised, with incentives, etc. The content of training manuals will need to be developed to include actions that support maternal nutrition-along the lines of those described here for IFA, use of fortified foods, cash transfers, and conditionalities. This would usually be a central function but might well benefit from involvement of state-or local-level staff, both for adaptation to local realities and to enhance local commitment.
Personnel
Reviews of staffing levels and requirements in one of the studies showed only a small number of posts at all levels committed full time to the nutrition program; the rest of the responsibility was assigned as part of other officials' work (often without including this in the job description). Sustaining the program requires expanding both the number of posts and the pool of trained people who could be recruited-in other words, a broad effort in long-term capacity-building to include training at senior levels, which can then cascade down. To expand the capacity to include maternal nutrition does not require a whole new cadre of trained people, but expansion of the training of those already responsible for nutrition and introducing the topic of maternal nutrition into the training of health workers, as well as to a certain extent expanding the number of posts to allow for the additional activities.
Training materials in maternal nutrition issues will thus need to be developed, as will some training courses themselves to include maternal nutrition in curricula. Preferably this should give some emphasis to training at a high level so that future graduates have the knowledge and skills to train at lower levels. In the interim, some orientation short course-type training may also be needed.
Technical guidelines, legislation, and operational research
Technical guidelines, sometimes needing operational research (often as feasibility studies) for application in specific circumstances, may need to be developed or updated in areas such as the following.
IFA supplementation
IFA supplementation during pregnancy requires protocols for doses-e.g., usually 60 mg/day for 90 days during pregnancy for all women-that may need to be reviewed or adapted, for example, to meet WHO recommendations, which are dependent upon anemia prevalence. Strengthening community-based platforms to reach new target groups, particularly weekly supplementation of nonpregnant women of reproductive age in areas with high anemia prevalence (e.g., adolescent girls through schools; prepregnant women through community-based programs beyond family planning users) may require specific operational research studies. Generally, protocols will be the responsibility of the Ministry of Health, as would identifying operational research needs; the research would often be assigned to cooperating research and academic institutions.
Deworming and malaria control are important adjuncts to combating anemia. Guidance must be built into protocols, for example, as in Ethiopia, where the guidelines for anemia prevention and control stipulate regular deworming as well as malaria prevention and control. This should also be included in training and supervision.
Multiple micronutrient supplements
Mothers who are anemic, especially in the lowerincome groups, are most likely deficient in other micronutrients than just iron and folate. Among these nutrients are zinc and, especially in Indian vegan populations, vitamin B 12 . Iron supplements suppress zinc absorption and increase the likelihood of zinc deficiency. Mothers who breastfeed also become depleted in water-soluble vitamins such as thiamine, riboflavin, folate, and vitamin C, all of which are in the multiple micronutrient supplements.
A recent review conducted as part of this project found that daily multiple micronutrient supplements in pregnancy are as effective as IFA supplements in reducing anemia. Furthermore, multiple micronutrient supplements have additional benefits on IUGR and LBW beyond IFA supplements [25] . However, there is an increased risk of neonatal death when multiple micronutrient supplementation begins after the first trimester, leaving the policy implications still unclear [42] . In settings with poor access to and utilization of antenatal care and delivery services, further large-scale effectiveness trials are needed, and this is an area for priority research. Additionally, although the effectiveness of intermittent IFA supplementation is now well established [26] , there needs to be further research on intermittent administration of multiple micronutrient supplements to women of reproductive age and adolescent girls, including effectiveness, feasibility, and cost-effectiveness. The costs of multiple micronutrient supplements are currently higher than those of IFA, although large-scale production might reduce costs [26] .
Food fortification
Plenty of guidance exists, as noted earlier, on the processes for developing fortification of commercial foods (see flour fortification discussed by Victora et al. [1] and Allen et al. [41] ). Prior assessment, often including specific analyses from food consumption and/or household income or expenditure surveys, is needed to decide on food vehicles that reach the most vulnerable, fortificants, fortification levels, legal and financial aspects, regulation, monitoring, and so forth. Institutionally, procedures need to raise awareness and bring in organizations not often involved in health and nutrition issues, particularly the private food and agricultural sectors. Research aimed at local product development may first be needed, with testing of acceptability, shelf life, efficacy, etc. Resulting from this, guidelines for standards and procedures need to be developed and legislated. Issues such as whether fortification is to be mandatory, pricing, etc., can be problematic and require attention. Although the Ministry of Health may take the lead in this, a broader than usual set of interests has to be satisfied. The present struggle to re-establish iodized salt supplies in Ethiopia-technically fairly straightforward-is an instructive case in point.
Cash transfer programs
Cash transfer programs are orders of magnitude more demanding and complex than those we have considered so far-but also are not primarily the responsibility of the health sector, and would be built on (rather than initiated) for maternal nutrition objectives. Here we need to consider the aspects that are specific to including such maternal nutrition features, based on a platform of a developing or ongoing cash transfer program-either conditional or not.
Eligibility procedures in cash transfer programs do not usually include pregnancy as a criterion; some labor-based programs, such as the Productive Safety Net Program in Ethiopia, have provision for pregnant women to benefit without the work commitment that applies to others. Other programs, such as the cash incentives for delivery in facilities in India (Suraksha Yojana), are highly specific to pregnancy but narrowly focused. Should pregnancy be an eligibility factor? Should pregnancy increase benefits? Insofar as eligibility aims to include the poor anyway, this issue is probably not that crucial; given the potential for moral hazard (incentivizing pregnancy to get benefits), it may not need to be up front. It may be more important to use cash transfers as a platform for increasing use of services by pregnant women, and possibly increasing benefits based on conditionality such as regular attendance at antenatal care. (Presumably the conditionality is better related to increased benefits, otherwise it makes it more difficult to get regular benefits when a family member becomes pregnant, which would not be the intention.)
Guidelines for establishing households' eligibility may need to be reviewed if impact on maternal nutrition becomes a specific aim, presumably through liaison between Ministries of Health and the authorities responsible for the cash transfer programs. It may be worth noting that once eligibility procedures are set up, they could be flexible and also provide a mechanism to facilitate access to resources for families who become affected by HIV or other chronic diseases affecting breadwinners, or transient economic hardship such as in times of drought.
Levels of benefits. Benefits are usually cash but may also be supplementary food (as in Oportunidades in Mexico). One reason that impact on birthweight is seldom found may be that the amount of food provided is too little-about 250 kcal/day in Oportunidades or 100 kcal/week in the Integrated Child Development Services, for instance-and efficacy was estimated (in food-insecure populations) in the range of around 400 to 1,000 kcal/day supplement (table 1 in Imdad and Bhutta [28] ). It would be important to estimate the extent of increase in maternal food intake from cash transfers, noting that improvements in birthweight have been ascribed to better prenatal care rather than food itself [1] . In other words, research may need to establish the level of cash transfers that will make enough of a difference to women's intake and to lead to consideration of additions to the cash transfer program if they are not high enough.
Conditionalities. Conditional cash transfers may directly affect nutrition (e.g., by providing cash or food supplements) or connect to nutrition outcomes less directly (e.g., through increasing use of health services, antenatal care, or education). Conditionalities may include periodic health visits, growth monitoring, vaccination when applicable, antenatal care, and attendance at education sessions by mothers [43] . The procedures for setting and ensuring adherence to conditions again will need liaison between health and cash transfer authorities. As noted earlier, investment in upgrading services the use of which is a condition for cash receipt may often be required for the conditionality to achieve its aims. This typically is a Ministry of Health responsibility but may require resources from the cash transfer program-itself dependent on negotiations and implementing agreements.
Use of cash transfers as a platform. Aside from providing resources and encouraging use of services, cash transfers may directly provide information and counseling. As examples, Oportunidades (Mexico) requires mothers to attend lectures on health and nutrition topics and Nicaragua requires bimonthly workshop attendance [1] . It may be decided to build these into a cash transfer program, in which case materials and organization will be needed.
Preventing early marriage and pregnancy
Some of the legislative and related needs have been referred to above in the section on 'Summary of potential interventions and scenarios: combatting early pregnancy' . Recent progress and increased awareness of the issues in India are referred to in Chatterjee [44] .
S135
Information, advocacy, monitoring, and evaluation Information and advocacy
We found in the field surveys that awareness of the significance of maternal nutrition is a limiting factor at all levels. The case has to be made that additional activities are needed-current efforts are usually not of priority, are underresourced in all aspects (personnel, funds, etc.), and are limited in scope. Even basic scenario levels (as suggested here, e.g., table 3) are inadequately supported. We also found low priority for maternal nutrition within health (and nutrition) institutions in governments and international agencies, including at headquarters level. So, an extensive advocacy and information campaign for awareness-raising is indicated. Who should take the lead (as it will probably not come from the current leaders)?
Presumably in part this is the constituency of women's and children's advocacy groups. The links between these are perhaps weak at present-children's groups may not see better maternal nutrition as a key to better child growth and development. A key question is: Who is going to foster this understanding, and how?
Monitoring
Monitoring systems-in the sense of providing regular process data relevant to program management-are currently minimal. Guidelines and methods are well known [46] , and the constraints are commitment and implementation. These need to be built into developing programs. This can work-the reporting in Ethiopia from the Community-Based Nutrition program for children is proving useful in sustaining support for the program and suggesting directions in terms of further expansion, coverage gaps, and key factors such as personnel:household ratios. This may provide one model. The responsibility is with the program management and may draw upon analyses from research institutions for data analysis and interpretation.
Evaluation
As noted by Victora et al. [1] , evaluation data relevant to women's nutrition are lamentably scarce for largescale programs, even those with high levels of funding, such as cash transfer programs. This has to be rectified if an effective effort is to be made to improve women's nutrition through direct interventions. Evaluations are needed both during the program and postprogramthe first for program modifications and extensions, the second to inform policies and designs for other programs. These depend on adequate preprogram evaluation design, to approximate to estimating with-without and before-after program levels of outcome variables (e.g., anemia, birthweights)-sometimes referred to as "difference in differences" estimates. During-program evaluations should be part of the program budget, and program management should be responsible for their happening; the implementation may be contrac ted out to suitable research institutions. It may be argued that postprogram evaluations, which are relevant to future programs, in the same place or elsewhere, should be funded from more general policy or evaluation resources, as having application more to agency and government policies than to the program itself.
